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Society. not ie any made or expressed. 


‘Development water conservation the past has s frequently | been made 


inap ecemeal and haphazard manner, resulting i ina less effective and econom- 
-jeal exploitation of rivers than could be obtained by | a systematic and co- 


-ordinated study of all the factors concerned. In this paper formulas: are 


"developed for studying, i in a preliminary manner, the merits of various storages - 7) 
and dam sites. The formulas have been tested i in practice and were found 7 


give reasonably correct results in most cases. Methods are also given 


"studying the relative economy of different types of dam, where the site admits + 
of alternative types. ‘The economic limits of specific capacity, or water s stored — 


- per ‘cubic yard of masonry in the dam, are discussed by 3 means of shoal 


The ‘paper represents an attempt to reduce to general pairs simple terms 


those factors which admit of generalization, but it ‘is 1 recognized that each | 


ease has peculiarities which must be studied i in the light of local conditions. 


original manuscript of this paper, containing many tables, 


and illustrations, which are not published herein, may be found on file at the 
Societies Library.t An abstract that forms ‘the “nucleus of 
was published in Australia in 1928. 
ater conservation, especially in countries where rivers show marked 
_ irregularity of flow, has become a question of such importance that Govern- 


ment departments have been set up to handle the whole question, particularly 


with regard to irrigation and water power. a In addition, many ny private agencies © 


local authorities are actively undertaking conservation works in connec: 
_ NoTE.—Written discussion on this paper will be closed in January, 1931, Proceedings. Ne 
* Chf. Engr. and Acting Mgr., Christmas Island Phosphate Co., Christmas sg, ee 
+ Approved by the Senate of the Univ. of London for the seg oA of Doctor of Philosophy 


+The Commonwealth Engineer, Vol 15, ‘No. 11, June 1, 1928, 419. 
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necessity for the most economical Avec al 
Works for water conservation will become ever more insistent. _ 
wore most countries the systematic collection and recording of ‘data with 
regard to water conservation has been entirely | neglected, due probably to the ff 


wi 


that so many different authorities are represented i in the field. _ Notable 
exceptions are the publications of the United States Bureau of Reclamation 

“ _ and other Federal Departments, and those of a branch of the Italian ‘Ministry 
of Public Works (“Consiglio Superiore delle’ 
ee total ‘storage for irrigation already developed or proposed | by the 

Lo wl S. Bureau of Reclamation is equal to 18 792 500 acre- -ft. in 49 reservoirs 


: . California, ‘power companies and municipalities have created for power 


purposes alone no less than 76 reservoirs with a an n aggregate storage of 1724 402 
| 


Canada i is richly endowed with water resources; the total available storage 


of 29 of the most important lakes and artificial reservoirs used for power 


“purposes is 80080000 acre-ft, 


Ta 


South Africa, which geologically is a ‘country ‘ill- water con- § 


‘servation, has storages exceeding 750 000 acre-ft. 


he States of New South Wales and Victoria in Australia| are, in pro- 


portion to population, : among the foremost in the conservation of water, which 
mainly used for irrigation. ~The total storage for this purpose in New 
— South Wales is about 1 900 000° acre-ft., or 0.84 acre- -ft. per capita, while a 


1 mire et 


further storage of 2500000 acre-ft. is proposed. Vi ictoria has ‘s a total storage 


Bs: of 900 000 acre-ft. for irrigation, or 0.54 acre-ft. per capita, a ; and an added 
quantity of 950 000 acre-ft. is proposed. 
‘The State of Queensland, which is “most. recently "developed of the 
Australia, has, at present, storage equal to only 


80000 acre- -ft., while projects involving a total storage of about 3 000 000 


In Europe, the climate does not in general require, 1 nor does the geologi 
of the continent: usually permit, the formation of large storages. 
-Ttaly, however, has an immense number of storages of moderate size, totaling — 7 

more than 675 000 acre- s-ft. in 86 reservoirs used for power, while works under 

construction will add a further 626 000 acre-ft. in 27 “reservoirs. The jargest . 


ne: these reservoirs is is that of the Tirso » with a capacity. of 285 000 acre-ft. — . 


Switzerland has 1 many storages of small « size, the total capacity of ae > 
reservoirs which | exceed 10 000 acre- -ft. being 271900 acre-ft. 


An i immense number of small storages exist in various countries for pur 
me poses of irrigation and water supply, but no complete list of these storages — 


ever been compiled. appreciation of the magnitude of the conser- 


vation of water for irrigation may be obtained from the fact that: the esti- 
mated world area irrigated is more than 137 000 000 acres. + We 


dual The data here given were up to date in 1928. For atin on iow dams, see “New — 
Reclamation Era,” January, 1930, Highest and Largest Dams in the United States and 


with irrigation, water power, or water supply projects. Immense sums 
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nation 


_ The storage required per acre irrigated varies from zero to as much as 20 a 


-ft. An average figure for projects under the U. Ss. Reclamation Bureau 
a, s to be about 4 acre-ft. of storage per irrigated acre, while, i in order to _ £: 


cope with the prolonged droughts | occurring in Australia, a proposed plan there 
involves a storage of ‘about 30 acre- ‘per irrigated acre. Taking a con- 


servative all-round figure of only 0.5 acre- -ft. of storage per irrigated acre, 
ft. 


UTURE 


Great as been the progress already made in water is 
only a fraction of» that ‘required to achieve the complete hydraulic develop- 


of the various countries of the world. Some countries are > already 


de ifn ont already it in view, will be so next ten or 


twenty “years. Of such countries, ‘Switzerland and Italy may be cited as 


"examples. Italy has aS NOW | (1930) reached such a stage that all the most promis- sg 


sv ing storage sites have already been exploited, and a Government department i is i 


1 remaining g streams. Practically all the main nivers and streams have been 


accurately leveled, s storage sites surveyed, and catchment basins defined. 
Other countries such as Brazil, Central Africa, Queensland, New Zealand, ete, I 


have as yet developed only a percentage of their hydraulic x resources. 


When it is realized that the present total world area irrigated is just a 
‘ fraction of that for which water would be available w with adequate conserva- 


3 tion, and that i in the field of hydro- electric power the present world develop- 
3 Esa is only 25 000 000 h. p. out of an estimated total of about 440 000 000 h.p. ke 


ably not more than aes that which will ultimately be required. Accurate 


In to for irrigation and water power, an increas-_ 


ing number will be required also water supply and flood control ; 
development o on these lines depends so entirely on sectional ‘requirements that 


it is usless to attempt any forecast of be required. is interesting 


to n note, however, that, in recent times,* considerable sums of 1 money have been iy 
ent on flood control by the construction of detention basins. — The works | of ane 
the Miami Conservancy District in Ohio, of ‘the City of San Antonio, Te 

and of Los” Angeles County, California, are e examples geen 


hae The investigation and development of w ater conservation ‘have i in ‘the. past 


deen frequently haphazard, unscientific, and uneconomical. Common errors ‘4 


St 


ae fo —The use of rainfall records and assumptions as to aii off 
adequate data showing the relationship between them. _ 

—An under- -estimation of flood flows, and insufficient spillwa 2 aii 

Pp! 


1 —The u use of insufficient stream-flow data; ale 


- * The Furen’s Dam (1866) was the first large modern dam built tor flood control. Until 
° pently, large expenditure for this alone was exceptional. J 
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Se a = area of a cross-section at a dam site, to a any height, ae 
A = total area of a cross-section at a dam site, to height, . H. Te 
v= = capacity of a reservoir to any height, h,, measured at the dam. 
= specific capacity . Other subscripts refer to me: type of dam. 
= total capacity of areservoirtoheight,H, = 
submerged area of a reservoir, corresponding to a height, h,, meas- $ 
= width of a dam site at any height,h. ab. 
a5, t = thickness of dam at any height, h. 
crest thickness of a dam with a trapezium section. 
_K = sum of face batters (ratio of horizontal to vertical) of a dam. ‘Proper 
sum of face batters of a dam with a — section. we pee 
= height of dam site to any elevation. 
depth of water at the dam. 
= total height of a dam of any a 
volume. Proper subscripts refer to type of dam. 
lies = volume of a dam with a trapezium section. ed} eve 
= up-streamradiusofanarchdam. 
= up-stream radius of a constant-angle arch dam, at the 
Raia. up-stream radius of a constant- angle arch dam, at the base. pie 
= up-stream radius of a constant-angle arch dam, at any elevation, he 


_ cylinder stress in an arch dam, in ‘pounds per square inch. © a 


coefficient (Equation (1)) = 
C,, = a coefficient (Equation (2)) = 
D=a coefficient (Equation (6) = 


= an @ = 
= an (6)) = 


0.434 — 
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4.—Insufficient geological examination of reservoir basin and aig 
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ASPECTS OF WATER CONSERVATION 

= a constant (Equation (25)) = L —* hey 


a subscript denoting gravity dams. : 
a subscript denoting arch dams. 
= denoting constant-angle ch dams. 4 
Notes on River Sections AND PROFILES 
round traversed. . This shape he calls the “normal cross-section.” In 


that this section may be attained, the following conditions must be fulfilled 


ats 4 (1) The river must have arrived 21 at a state of ‘equilibrium; that j is, ‘the 
Jongitudinal profile must be constant. 
(2) The flow must be as constant as possible. 
The banks must be bare. 

(5) The river must be straight. 

(6) The river, even at flood, must be contained the 


Seats few of these conditions are e ever satisfied simultaneously, 


eoretical profile does not hold good in practice. The « effect of 
put from the conditions mentioned i is examined by Koechlin i in some 


Over certain limited tracts of river, call the conditions cited ¢ except ‘Condi- 


power of the hi 
— plotting them against heights, ¢ logarithmic paper, the 
an index of 51. he cross- areas of dam sites: can 


mean ¥ ue of n for thirty- “seven sites examined was found to be 1.54. 


This close between theory ‘and practice ‘appears’ to 


es ‘It is a matter of common experience that the | longitudinal adie of rivers 

is approximately parabolic in shape. ‘Fig. 1(a), Fig. (1(0), Fig. | and 
Fig 1(e) show the profiles of various rivers and illustrate the parabolic shee + 
and surfaces as a whole vary in slope in a similar manner.t 
In ‘the ve vast majority of “cases, a river flows ‘through country of varying 

~ geological character, and the profile is far from regular. At certain points 

the river breaks through more or less well- defined ridges, the areas above these 
constituting self- contained catchment areas. When the ridges are well’ 


defined, the river is usually in a gorge, and a formation is frequently 


‘‘Mécanisme de 1’Eau,”’ by René Koechlin, Vol. 1, 1924, p. 101. 
‘+ See, also, “Mécanisme de l’Eau,” by René 1 (1924, Fig. 48, p. 136. 
“Géographie Physique,” by Martonne, 1913, p. 49. 
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i valleys suitable for the construction of dams, and, here, it might be expected — 
that the sinusoidal shape of section might be most frequently - found. | 
ak Be ____The area enclosed within a sine curve, can be shown to vary nearly as the Mf oa _ 
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—* of ‘the region 1 and a variety of ‘The land ‘slope 
above each will be parabolic. Hence, the profile of ‘many rivers ‘consists 
, the whole again large parabola. 
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which two 


in n Fig. 2 in which the river is assumed to break two. ‘successive 
Z ridges. _ The longitudinal profile then consists of three curved sections, each 


ee the u upper basin, the river has a a relatively small flow but carries con- 


- siderable gravel and many boulders, and, in general, the stream bed will 7 


7 ‘Meek eroded and the landscape scarred by 2 numerous tributaries. The gen- 


eral nature of the cross-section therefore will be as shown by Section ye Lie he 
_ In the second basin the stream bed will be wider and less deeply eroded, 


- somewhat as shown at Section B, while even farther down the land may be « 


ba almost level, and the river bed very wide, the normal dry-weather flow occupy- 


ing only a small winding channel in a wide bed (Section 


_ Suitable dam sites generally oceur at points such as those marked A and B 


sactions, Am. Soc. C. E., 


‘suitable both for a dam site and for an effic 
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SOME. ASPECTS OF WATER CON SERVA 


ae #&F rom a consideration of the profile and cross-sections of Fie. 2 it will be cut 
iz seen that the storage obtained for a given height will generally be less for the Pe 
2 upper reservoir shown than for the lower one. _ On the other hand, the rate of * 
increase of storage with h increasing | depth “sensi be greater. Hence, the ae 
reservoirs will have certain well-defined characteristics and may be classified as a 
accordingly. The classification adopted will be: (1) Gorge ' type; (2) hill type; aw 


3 fe thill and fi lain type; and (4) lake type. 
oothill and flo -pl n typ 


i 


7" 


‘Fie. 2.—Pnormrs Sections OF AN RIVER (DiAGRAMMATIC). ga 
| classification such as ‘this was proposed W. H. R. Nimmo, 
‘ Am. Soc. C. E. When this paper was first discussed before the Institution o 
; Engineers (Australia), but the criteria now adopted differ from those age 
' _ Reservoir A would be of the first class, Reservoir B of the second, and a a 
‘reservoir at a site, such as ¢, the third class. 
special case and may occur at any elevation. the name implies, it 
reservoir formed either by artificially raising an existing lake, or or by impound- 


7: =e water in what was once a lake orina basin of similar ; general form. Rie i 


* Capt. A. ff. Garrett, R. E., defined ‘the sunidtiaies of a coi 
Sa funetion of the depth, by expressing the area and capacity as serie sin : 
ascending powers of the depth, and show red that the first three or four terms mr a " 
of such series sufficed to give quite accurate values of the quantities considered Ms me : 4 7 


_ Henee, he deduced rules for ‘determining the capacity curve with the minimum : 


amount of survey work. For this purpose Garrett’s method is valuable. Later, 
Hillmant showed that the capacity of a reservoir can be expressed closely as an 


a Ay “The General Theory of the Storage Capacity and Flood Regulation of Reservoirs,’ 
| +The Capacities and Capacity Equations of Some Western Australian Dam Sites,” 
& Transactions, Inst. of Eng. (Australia), ‘Vol. 11, 1921. DON 
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exponential of the depth: of water, but h he ‘practically no use of 
BPs: 3 represents a few of the ti number of capacity curves which have 
een plotted by the writer on logarithmic paper, and shows that the relation- 
first suggested by Hillman is generally very close. ‘When the capacity 


"curve has been drawn as a straight line on logarithmic paper (with | horizontal 


and vertical scales equal) the slope of this line will give the index of the height 


in the general capacity equation: | ‘stort 


vention of the capacity at any depth, _ but enables the “characteristics of any 
reservoir to be into a single line.” 


= 


In Table 1 a number of ‘Teservoirs: have been classified into types, and the 


characteristics: of each reservoir (as ‘represented by » and have been 7 
tabulated. “The basis of classification arbitrarily is as follows: 


Eee This ‘duailantion is not intended 1 to be hard and fast, since the ae 


1 types merge into” each other, | but is a sufficiently definite basis coca 


The constant, may be readily determined by taking the capacity from 
straight line for a depth of 100 ft., ‘then: 


log C,,, = log W199 — —2m.... 
The value of m is the ratio of maximum depth to average ge depth, the latter i 


being defined ‘as maximum ca 


pacity 
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TABLE oF STORAGE 


Name of reservoir. m. depth, in in : 


acre-feet. 


Lake TyPx: m = 1.0 T0 1.5. 
Great Power My 1.04 | 29 500 
3 | 13 380 
Strawberry .. Irrigation — 1.26 


.22 
Arithmetic al. (mean 


FLoop- Pr AIN AND FOOTHILL TYPE: m = 1.5 TO 2.1 5 


Lake Almanor (future). Power * SAT = 


Assuan Irrigation 
Belle Fourche Irrigation 
er and irrigation 
Yeresole Reale ower 
Codelago 
Elephant Butte Irrigation 

Irrigation 


193 


Little Nerang.. Water supply 
Lake Manchester Water supply 
Mojave Power and 
| Lake Spaulding Power 
| Sherburne Lake . ..-| Irrigation quaker 


“Ana TYPE: m = 2.570 3.5. 


Bull Run _Watersupply 058 
Lower Buller. Water supply 0.0824 
| Calitzdorp....... ‘Irrigation 2. port 01731 
Coghinas......-. --| Power 4 
Lake Power 0.288 


| Kamanassie.. Irrigation 
Nepean Water supply 
Roosevelt. . Irrigation 
Shoshone Irrigation 
Lower Stanley......... -.| Water supply 

| Stony Gorge.. --| Irrigation 
Tirso Irrigation and power 


250° 
ont 237... 
tal 


rs. 
— 
ht 
ny 
Gap 
| | 
4 
| 0.39 | i343 | “9690 
if 88 | 0.695. 
000 
1 
a 
1 
een 280000 j 
320000 
(29 465 000 
2 
| 8 460 000 
35 3 290 000 
2 574 000 &§ 
= 


on Water supply 4.25 
Upper Buller.. Water 0.000131. 60 


Water supply 90000165 

Glenn Canyon Power 0.00092 | 

Grass Ridge 0.01118 100 000 
Mt. Edwards Irrigation 00497 | “80 000 
Nathan Irrigation 0.001566 2 485 000 
Pathfinder ...............| Irrigation 0. 0001376 1 00 
Silverwood | Watersupply 
Upper Stanley Water supply st | 


Van Ryneveld’s Pass. 
Warragamba........ 


KR RWW OR ROO 


0.00075 
100 3: 


0.00817 


a ratio of depth to ) maximum ¢ depth | has been given by Charles Slage* 
for “seventy- five different x reservoirs. The maximum value of this ratio is 
0612, corresponding to m = = 1. -64, and ‘the minimum value is 0.281, | cor: 
ee. to m = 8. 57, ‘the mean values” being 0.456 and 2. 2, respectively. jf 
In Table 1, fifty- -one reservoirs are arranged according to the writer’s classifica: { 
tion. The arithmetical mean value of m is 2. 15, and the weighted mean, 2.8, 


for the e fifty-one ca: cases. Both these values are greater than the figure a 


So) Certain of the reservoirs cited occur on the same river, and a ss aa 


tr that their values of m are functions of elevation. The following “ar 
fol are arranged i in order of descent of the river, and the values of m show a cor- 


Values of m. 


Boulder Canyon, Colorado River. 


me 


Furthermore, the general deduction may be made that for reservoirs of 


similar type, will vary usually with the catchment area. 

REPRESENTATION OF Capacit 

he af Equation (2) may be represented by 2 means of an alignment chart, such 8 


4 Fie" 4, in which the outside scales are graduated for height and capacity, the 


“Water Engineering, "by 1888, p. 24, “Crosby Lockwor 
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Height on Dam, hz in Feet 
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CAPACITY DIAGRAM BASE EQUATION, 


Slage* 
educed 


central field ‘representing Various values of Cy, over a Tange such 
occurs in practice. A moment s reflection will show that the C,, lines are con- 


“fi current at the point, 1, on the height scale . If the values of m and c.. have — 


. been obtained as Previously described, » OF by computation, a point is is defined in — 
o 
the central field which represents the ‘properties of the and by using 


this point as a fulcrum for a straight edge, at any height can be 
oan The ; Soria chart for capacity (Fig. 4) is useful in the following ways: 
—As a convenient alternative to the usual cartesian capacity ieileee 
.¢ 2.—As a means of finding the values of Cw -and m when the . capacity of re; 
a reservoir is known at two or more = 


8.—For comparing the properties of various reservoir 
The use of the logarithmic scales gives more ‘satisfactory results than can 


be obtained with the usual cartesian capacity curve in which the lower por- 
tion is usually very flat and the upper portion very r steep. % Several reservoirs 7 
may readily be e represented on on one diagram hich 
generally be done with the usual method of plotting. 
For No. intersecting lines are, e drawn | 


valli of depth and capacity, and an optimum point of intersection is selected oe 


by inspection. Values « of ca capacity for depths greater than those for which the _ 
capacity: has b been actually determined can tl then be readily found. T This ease 
not infrequently arises where a dam is to be raised. 
‘Fig. 5 illustrates the use of alignment charts for reservoirs. 
shows the pivot points for | the reservoirs cited (by Item No. 3) in Table 1 (the 4 
ce entral field of lines has as been omitted for clearness.) ) The ideal reservoir Pr 
ba sins, irrespective | of depth, are those lying | on the upper margin of the © 
‘constellation of points and the poorest are those lying on the lower margin. 
The: average basin would be represented by a point: lying on the central dotted — 


tine (inserted by judgment). Iti is very interesting to note from the diagram 


that this agrees very nearly with Kanthack’s conclusion* ‘that “any reservo 
basin better than Van Ryneveld Pass Di is s satisfactory for 
It should noted that this comparison to the physical 
_ properties of the : reservoir basin, and is not a final criterion of the usefulness — 
or cost of a reservoir, which would be expressed generally i in terms of cost per 
unit of regulated | run- -off 1 Ww ith pre en reservoirs, in terms 


interesting application of the method of expressing reser- 


voir capacity lies in determining mathematically the behavior of retarding 
basins for flood control. The properties of the flood wave and of the basin are 
expressed approximately | by mathematical formulas, and the reaction of 


* ih! ee one to the other can then be derived. A particular ease of this general coat 


im tion was: used for studying the retarding basins of the Miami Conservancy - 


Districtt with great economy of time and effort. 
“The Principles of Irrigation Engineering, by E. Kanthack, 
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MERGED AREA oT 


— The ‘differentiation of Equation (3 )w with respect to depth gives the su 


A comparison — of actual submerged areas for a ‘number of cases, with the 


theoretical areas found from, Equation (4), shows that this equation is less 
accurate, than Equation (8). is sufficiently accurate, however, to be u 
for preliminary purposes for determining the ‘constants, Cy» and from the 


we 


areas at ‘two or three levels” only. ‘Fig. 6 is convenient for this purpose. Tt 
is well bicwe that for one reservoir proposal adopted, many may be examined | 


and discarded, and the methods mentioned are ited en for this pre- 
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rious loss in case reservoirs characterized by a high value of m, 


with those. having a low value of m. For long storage in dry climates, a low 
of mM, , is, therefore, a desirable property for Teservoir to possess. 
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a voir over a period of fifteen years ‘these losses ‘would be 40. 5% of en The 7 


depth lost annually i is practically the same for each reservoir, so that the ¢ cases 
are comparable. — The losses over a shorter drought period w ould be even more ae 
° to the disadvantage of the Nathan Reservoir. it is unnecessary to add that 

sites suitable for the creation of such large storages: are rare, so that there is 


“not usually any opportunity of selecting the reservoir site with regard to its 


= 


“ ations, as affecting both the site and the materials | ‘nie for construction. 


The ) treatment of the geology of dam sites is- outside the scope of this paper, 4 


¢ a systematic investigation into the whole. question of the geology of 


location i is urgently needed. * Such an investigation, if based on an examina- _ 

tion of the hundreds of. dams built i in gorges or narrow valley 8, would be of 

As a general rule, a synclinal valley is ‘most favorable for the 

ie tion of a . dam; but it is of the rarest cocmrretiog. In the majority of cases, ‘the = 


strata are either anticlinal or of uniform dip. 


In the | formation of an anticline, the upper state are. subjected to great 
tension and the rock is fractured. The more readily erodible portion of ae 


‘ fractured rock i is removed b the river, but even when the river is of great 


of the remaining ‘rock is still highly jointed and fractured, 
statically sound. Hence, an _anticlinal d. dam site will frequently require con- 


oa 


4 siderable cut- off excavation and pressure grouting to prevent leakage. F sit 4 


sites” ‘may v ary greatly, but they generally r require deep excavation and 


In ‘the large class of. sites that have horizontal or 


small, “but this n may y be offset by heavy excavation through | detritus. 
af 


Factors ArFEcriNG TYPE OF 


geolo exami ina ge 
Li ‘ f factors such as, ‘as purpose ‘tor which the storage is intended, ec 


cnsiderations, flood conditions, the dimensions of the sites available, ete. ere 
Purp se—In certain cases the of storage may influence the 


dam. Thus, the gravity dam is. frequently preferred for water supply 
gi 
rojects, because of its monumental proportions. a Tn other cases, a hollow dam a 


may be chosen, partly because it may afford housing for a ‘power ‘station or 


ae good sketch of the subject is that of Segré, ‘“‘Cenni sugli studi geognostici cpetees 

ll’ ‘impianto di Laghi Artificiali’, Annali, 1920; see, also, Technical Publication No. 215, 

I Engrs “Geology and Bngineering for Dams and Reservoirs 
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purpose of storage has an important bearing on the subject, not 
much as affecting the choice of one particular type of dam, as in deciding 
3 hether the cheapest type is economically practicable. As a general rule (to 


which, of course, there are exceptions), the heaviest ‘expenditure i is permissible 
for water supply dams, less for ] power dams, and least for irrigation dams. nes wy 


Economic Considerations. —-Economie factors such as accessibility, cost of 
materiale and “labor, ete., and the return on capital outlay, are of prime 


importance in deciding the choice of dams. Where accessibility is | poor, but 


timber abundant, the ‘multiple- -arch or A Ambursen type is indicated. 1. Where 
accessibility is ‘poor and ‘timber scarce, the earth or -rock- fill. may be 


selected. No generalization i is possible, and each case is treated on ‘its merits, 

frequently by the preparation of estimates for alternative types. 
Floo ods.—The necessity of providing for heavy floods will frequently 
an important bearing on the choice of type of dam. Thus, heavy floods § in a 


narrow gorge contra-indicate the choice of a high unless the dam 


is to be built to a height sufficient toa? for the provision of a ‘separate spill- : 


way or ‘spillways away from the dam. Several fairly high arch dams constructed 


to pass heavy floods have been built, but unless the bed- rock is of nuetens| 


hardness, it is considered good practice to avoid Good | examples of over- 
flow arch dams are seen in the following: 


Baa (a) Kerckhoff Dam, California, 94 ft. high from foundation to crest, — 
and designed to spill 60000 cu. ‘ft. sec. over the crest, with 
4 Cismon Dam, Italy, 140 ft. high foundation to crest, and 
designed to pass 6 ft. of water over the crest with detached 
 nappe. In this case erosion of the down-stream toe was avoided 
by the provision of a horizontal platform, level with the crest and ‘. 
i? extending about 75 ft. down stream. This platform is carried by a _ 


4 


a4 a 


central pier and vertical arches. 


Ve Turrite Dam, Italy, 130 ft. high from foundation, to crest. of the 
 overfall type, but subject to relatively small flood flows. 
-(d) Baker River Dam, United States, 233 ft. high, passing heavy floods _ 
4 ty over the crest. This dam has a ‘down- stream batter of 0. 376 and mie 


_ provided w with a substantial curved bucket at the toe. 
(e) Calderwood Dam,* ‘Tennessee, 230 high, « can pass floods of 


arch dams built in “gorges have 
; spillway tunnels, the best example being: that of the Shoshone Dam, and ‘the 
shaft spillway i is now coming into favor. The first : spillway of this type appears 


; nn to be that on» the Bassano Canal, Ttaly,+ which has a shaft diameter of 8.4 ft. ; 


and is designed t to pass 1 1 120 cu. ft. per ‘sec. More 1 recent and much larg 
examples” of almost perfect design are the spillways of the Davis 


of of dam. ‘Sites may be divided, broadly, into three types: 
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bind ‘Those which are very narrow at the bottom but which broaden .. 
siderably at the top (see Fig. 2, Section A). 
— @) Those with V-shaped walls that are practically ome 


hehe Those that are approximately U- shaped. 


It may be said at once that the first or convex type of site is exceedingly | 
e, three examples being the Morena, Pacoima, and Jogne Dams. The 
second or V-type is also quite infrequent, an example being the site of the 


Stevenson Oreck Experimental Dam.* ‘The majority ¢ of sites belong, 


These curves may 


on the value the constant, Hence, the dimensions of any y dam 


‘si te, ‘if the natural surface were p perfectly smooth, « could be represented by | 
Equ uation (6) by selecting the appropriate values of the constants. { ‘The ) convex a 
type would be characterized by values of v greater rv than unity, the ‘V-type by . 
1 v=], and the concave type by values of v less than unity. a The site need not 
be symmetrical to comply with Equation (6). 
Any attempt to determine from the section of a site in 
‘Equation (6) : is generally w unsatisfactory, because of | the marked irregularities — 
of natural surface which generally occur. The writer found, however, 
that the equation derived by integrating Faquation (6) v with respect to h, h 
affords a satisfactory ‘means of representing the average dimensional prop- 
erties of almost ‘any dam site. i - Equation (1) which is used for this’ purpose 
will be called the “site area ‘equation. : | In this equation the value of nisa | 


criterion of the type of site. the convex, V, and U- -types of site are 


typified by values of n greater than, equal to, and less ‘than 2 Bam yai ipit 
‘The writer has computed and plotted site areas s for more than fifty dams a 
of all descriptions, and has found that although marked irregularities me | 
natural surface are present the hypothesis of Equation (1) is well supported a ‘a 
in 1 practice. Fig. 7 shows the site-area curves for only a few of the profiles : 4 
{ ’ 4 It should be noted that i in n the case « of arched dams, the site section to be | 
used i is not that taken on a vertical section across the ‘gorge, | since the whole _ a, 
of the arch dam does not Test on this section. The section should be taken 
on chords across the curve of the dam. In the case of a proposed arch dam, 
this 8 curve can be drawn on the contour plan in such a a way that the arch at 
all p points will abut satisfactorily on the sides of the gorge. Of course, when | ; 


ep contour lines are parallel, a vertical cross-section may be taken. —/ 
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be | Characteristic canyon profiles may be represented b arabolic curves, | 
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may be thought the use of the site-area curve is a somewhat -round- 
ag about way of defining mathematically the properties of a dam site. - The 
method, however, has the great advantage: that when | the area” is ] plotted 
against height on logarithmic paper, the straight line which best represents 
the points may ‘readily be drawn by inspection, and this ¢ cannot easily be done- 
= - if width is plotted against height. As a method of representation, the site-— 7 
area equation is, of course, “equally as good as the site- -width | equation, from 


which it is. derived | by ‘integration. The process is seen to consist practically 


in the ac actual site another theor oretical havi ing same 


LEO 


Equation (1) may be represented graphically by means of an alignment — = 


(Fi ig. 8). This- chart may used to find C4 and for any by 
drawing | straight ‘Tines between ¢ different points | on the height scale, and corre- 


sponding points on the area scale, and selecting an “average of ‘the p points 3 of | 


a ‘mathematical equation, it will be clear ‘that the volume of 
dams built, or to be built, in such sites may be determined mathematically, q 
since the cross-sectional ‘dimensions of dams may also generally be represented — 


This point w ill d define C4 and n. he = 


Ne 
Gravits y Dam —The early profiles proposed by Ranking Harlacher, 


others, which had curved faces, were | > dealt a severe blow by Atcherley* 


the ‘modern gravity dam is practically triangular in cross- -section. ra Wee: a 

mann st practical profiles, and those recently proposed by Koechlin¢ : are in 
effect triangular (except for the additional | thickness of the crest), and where > 


variations do occur, the profile may be represented for the present ‘purpose 


“On Some Disregarded Points in the of 1904, 
, =. “The Design and Construction of Dams.” 
“Mécanisme de 1’Eau, ” Vol. 2, 1926. 
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Referring te to Fig. 9 in which the actual site is shown in full lines 
theoretical site in broken Tines, and differentiating Equation €i)}: 


For the e triangular cross- -section shown in Fig. 


By integration, the total is: 


= * 


If the foot has been weed a uit eronghont the 1 the will 


7 


i — 
_ Equation (10) gives the volume of a gravity dam assumed to be built 
in the theoretical si site, , by which the actual site was tacitly replaced when 
Equation (1) was s adopted for the computation. The volume thus found 
agrees very closely with that of a dam i in the actual site, provided ordinary 
mal judgment has been used i in drawing the site- area graph (Fig. 8) to ) represent 
a the plotted points, and the values of C4 and n have been correctly | deriv ed. ot a 
- All | dams are excavated to a greater or less” depth into the bed- rock, bat 
the b basis on. which Equation (10) rests, does not allow { for this. It will a 


st , however, that | a very small error is made by adding an appropriate height 


H 
f Damin Feet 


Height, H, 0 


re 


on 


eto (10) neglects the » masonry 0 of the crest in excess of that required 


by the triangular: profile. volume of the ¢ crest may be computed very. 
bee or a percentage added to the volume found by formula. ea 7 
The alignment chart is convenient for representing Equation (10) in a 
th form suitable for rapid a and such a chart i is shown i in Fig. 10. This chart 
pe will give the same results as the formula, with an error (in reading) within 
‘Fig. 10 is based ona value of Ky equal to to 0.7 7 and includes 5% “exces 


volume for crest having been found 
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a based essentially an approximation, no engineer “would s 


many y preliminary studies, ‘and the ‘aan of the char 
found ina few minutes which by the usua usual methods: of calculation would 


require many hours’ work, 


In Table 2 are given the values of C4 and n for a number of sites” as deter 
eer from the site area graphs, such as Fig. 8. These data, together with ee 
af 
actual height above foundation, and the total batter, are used to obtain 
the theoretical volume, which is compared with the actual volume. “= ae A: <i 
_ values of and Ca for ‘Item No. 2 of Table 2 refer | to the developed 


—up- -stream face. . aa correction wi ‘as made for arch curvature in this case e by 
p-stream radius — dase width = 0. 99 


and 4 06, ‘respectively, to allow “Due to an added width of base, 
64.000 eu. yd. were to the volume of No. 14 as by the 


The > actual volumes given for Items 11 and 17 include es of 


4. Dams oF Trapezium Oross- 
The earth and rock-fill dam is almost always trapezoidal i in 


In “Some cases, one or more berms are ‘provided and the batter may vary 
"slightly from crest to base. In such instances, an equivalent trapezium section a 
- may be drawn. Gravity dams are also sometimes of trapezium cross- -section. 
For example, t the -section in Fig. 11 may be divided into two parts. One 
part is triangular, and the equivalent - volume may y be found from the same 


formula as for a gravity dam (Equation (10)), by inserting Kr for K,. 


“this paper the batter is defined as the ratio of Si ciheustel increment to vertical | 
The reciprocal of this ratio sometimes to as the 


plied by t,. 4 
total volume in cubic therefore, i 
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_ The volume i in cubic yards can also be readily found fror ‘om n the charts by t taking 
times the volume of a gravity dam to height, H, from Fig. 10, plus a ; 


. ‘times the site-area to height, A, from Fig. 8. In Table 2, Items. Nos. 18 to 24, — 
"inclusive, have been prepared to comparison ‘between the actual 
- volume of a number of dams and the volume obtained by Equation (1). In | 


the case of arch dams, a factor of 1.05 is introduced. to allow for the addi- 


tional length along the mean are. For Items Nos. 19 and 21, the value of HE 
is listed as 218 and 328, respectively. In | computing the volumes by Equatio 
(11), the values used were 223 and 338, respectively, in order to — allow 


ance > for excavation. 


arch dam with vertical up- -stream face and uniform cylinder stress 


> 


by the ‘cylinder formula. ‘Ai 


ably from the stress that actually. The stream batter is uniform 


The volume may best be found by the same formula as for a gravity dam by © 


inserting Ka for K , in Equation and multiplying: by a factor to. allow 


curvature. The factor, 1.05, which corresponds to a A mean subtended angle 
about 60°, °, be used for this purpose. other values of the | mean 


90100 


Fic. 12.—CurvaTURE Factors FoR ARCH Dams 

Th Table 2 
all cases, 5% ‘has been added for pores material i in ‘the 


has been added in all cases to. take account of curvature. “The quantity: 


given: as ‘actual volume - in Item No. 27 includes the volume ‘ot the bucket | 


From the fact that the use of the for the volume a A gravity dam 
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hat this volume varies directly as Ca, or as. the a+ power of height. 


This is not so. A can derived as 1s follows: a crest of 


10° and 


Zquation a 2 and the resulting value of K A in 


e of R, 


Equation 208 als a curvature factor, ————, tle result is, 


25 


obtained by ‘weighting the of ratio, 


4 pointe by the volume per foot of height at that point ‘and thus ‘tay the 


ae” weighted mean. _ Values of of this curvature factor and of J4 are given in Table 3 ‘; 


TABLE 3 —VALUES OF CURVATURE FACTORS AND J4. 7 


Rao 
& 


1.018 


0.2440 


-Constant- arch dams are generally designed in the frat place the 


of the cylinder formula, modifications being then ‘made on the basis of 


* 


a the: cylinder s stress and subtended angle are uniform from crest to bas 


ally, is not always” but average values” may be to 
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fairly well, the actual value. In the case of a the cylinder 
the thickness a at ; the height, h, 

2 
Substituting this value of R, in Equation (15): gna 


he The volume of an arch element at a height, h, 


0 


betwe enh =0andh=H reducing: 


n (n+1)(n + 2) 


0.217 nC, 


The 
to base. . The most is about 188°, | 
wide variations do not cause very much alteration in the quantity « of material © 
in the arch. It is due to this fact that the method of analysis leading to 
Equation (19) is legitimate. The subtended angle for constant-angle 
dams is generally about 110° to 120° over the upper portion of the dam, the 
angle falling away y rapidly ‘toward the base. For use in Equation (19), 


i *. value of 85° to 95° ’ gives satisfactory results. Vv alues s of the fact tor, 


Table 2 2, Items Nos. 80 to 40, inclusive, shows a comparison between actual 
quantities for a number of dams and those obtained by Equation (19). 
No. 32, the ‘writer added 15 ft. for foundations a and an ‘assumed 


5 fit. were added 1 for foundations. ‘The heights of these four items y were iatine” 


iowa 5% to make allowance for the crest. et ‘The actual volume listed for 


Item No. 89 includes “approximately. (24 500 cu. yd. of extra material ; 


the gravity dam (Lake Spaulding) was partly constructed as as a 


gravity dam and was later altered to a constan ant- type. The concrete 


various angles are given in Fig. 12. Th fon, ai 


— 
— 
A ‘ 
= 
4 
i) 


volume of 1 No. 40 is as by Mr. comet 
comprehensive formula for the volume of a constant- angle arch am can 


7 sles ‘be found in much the same way y as Equation (14) was derived for | the 


volume of an arch _ Three “type” designs were on on the follow- b 


Crest angle, in d degrees. . sow ei 


Cylinder stress, in per square ineh. 
= 1.6, 20, 24 


the radii were naturally made as small as possible: Ww ‘ithout undereutting on the 
“up p-stream face. From these trial designs, | the factors involving radii and 
“angle ‘Equation (19), ¢ ean be be expressed in 1 terms 0 of fn and of crest span, 


on which alone the ‘radii and angles s depend, under the ‘assumptions stated. — 


quation let, 0.217 ——— 1 be made equal to 


J X the span, or J x nOy4 =~", 4 n which, J is a function of n only. 


hich is ‘similar to ‘Equation 4). Por ‘practical purposes, Joa may be taken 


as 0. 147. Equation (20), therefore, may be > reduced to, odT d of 


A. 


al 


: ow AB Equation (21) may be ‘golve ad by the use of the alignment chart , Fig. 13 
_ For this purpose, f is assumed as 300 Ib. per sq. in . For other values of f x 


the: volume can be adjusted proportionately. To ‘for ‘crest t thickness 


increase” the volume from 2 ‘to per cent. | error introduced using 


not greater ‘than that by Equation (19), and the ¢ alignment 


chart introduces only a small reading error. 


They have been found by test to e errors. in most cases ‘within 


40 as compared with the actual volume of constructed dams, or the carefully 


volume of proposed dams. For many preliminary purposes these 
a =, or the charts derived from them, therefore, may be used to estimate 
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the v volume cost a dam. In this connection it should Equa 


a ‘and volumes of actually constructed dams is not quite a fair one. _ Before a’ . 
is commenced on a dam, quantities | are always computed very carefully, on wind 
the basis of the best information obtainable to “excavation, ete. . It is is 
matter of common knowledge, however, | that the computed quantities may , Ae: 


be largely exceeded, and, in any case, there is a a fairly la large probability f =, 


‘error because ‘of unknown factors . Ac comparison between actual “quantities that, 
de and quantities computed in the ordinary way would show the of 
‘errors in many cases as large as those shown in Table 
Another useful purpose to which the formulas may be put is to determine 
approximately the effect on ‘volume of some alteration in the design of a “Tene 
> proposed dam. _ For instance, in a rock-fill dam it may be desired to vary the Wi 7 

‘ 


“crest or the batters. ~The additional volume required in a gravity 


dam to allow for a certain ‘Satis of uplift ‘may be determined, and the cost 
_ compared with that of a method (such as drainage o or water- proofing ) intended 


to prevent uplift. The effect of small variations i in height i is also seen. = ay 


= Volume 3 per Foot of ‘Height. —For some purposes, si such as” the ‘design of 
_ chuting equipment and the e planning of the construction program, it is desir- 

able to know the volume per foot of height at ; different elevations. Siw hi J 


a - This can rea dily be found for a gravity or plain arch dam from Equation 


(9), by placing dh = “"’ It will be obvious that the lox lower the value of n, the 
"greater will be the volume of concrete in the lower part of the dam, as com-— 


pared with the higher part. ‘That is, the lower part will be the center of 


-_ gravity. y. If the curve representing volume per foot plotted against height is 
drawn, the shape | of this curve depends only on the value of n. The hori- 


zontal § scale depends on C4 and the vertical scale on the height. Thus, a set 
= 
_ of curves for different values of n could be drawn up and applied to any dam 
using appropriate scales depending on the height and the value of C4. 


? In the case of the arch dam the shape of the curve is ‘similar, but the 


volume per foot t varies as and not C4 (assuming the same subtended 


ty 
——anale and stress). Actually, most of the volume of a gravity or plain arch 


 dumalia is in the lower portion. In the case of a constant-angle dam, the point | 
4 Es maximum volume i is generally between 0.5 and 0.7 of the height, the low er 
~ value occurring with ai low values of n and the higher va ue 


value with 


TES FOR Dams or THE ArcH 


iceg par There i e is a large class of s sites that ¢ apparently may be suitable for a dam 4 & max 


of the arch type, although ‘the site is not so narrow as to indicate at once 
the choice of an arch dam. It is convenient to have a eriterion for the rapid 
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The an arch dam may 
q gravity. dam and relative to the theoretical crest span. "ree this purpose iia 


0.4: 


Let f = 800 Ib. per sq. in. and | K, 0.7, in Equation (24) ‘the “a 

already found for the other terms; then muocessive 


re 


The constant, is seen to express the an dam 
stress, 300 Ib. per ‘8q. in.) in terms of that of a gravity dam (total batter, 0. 2 
| “maximum span” represent the spans which would make the volume of the 
dam | equal to that of the gravity dam. The ‘span, of ‘course, 


608 


For a constant- angle dam, a similar procedure can be followed, but because ae 


the volume is, within practical limits, only” very slightly dependent on the 


b nded- angle, the expression derived is simpler. 
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‘practical use of “these (Table 5) to rapidly for any 


site and height of dam, what at degree of economy may be effected by the use 


considerable “economy in x material the following reasons: ‘The 
and setting out of the dam is more complicated ; (2) the cost of form nea 


cubic 2 yard i is higher, since the faces are curved and frequently warped and the 


sections are less ornare (3) ‘the concrete is ‘frequently made either r richer i in 


ally: in “construction; and (5) the ‘cost “of spillways and accessory 


~ works may be higher since the arch dam is less conveniently adapted for 


= ‘TABLE 5.—VALvues oF IN EQUATION (26) 


structed, or r for which they have been The table is based on 


stress in all ca cases is 300 lb. p 


3—In Items Nos. 1 to 10, 


4—In Items Nos. 11 to 2%, inclusive, the up- -stream | radii at other 
than the crest are made as small as possible without under- 


cutting, 
-The dam used for comparison has a value, 


hey no > to existing or "proposed dams on the sites, This 

4 considered the most reasonable method of comparison, since the design of one 

actual dams may vary considerably from the bases assumed, because of a 


Ae variety of factors, such as the strength of rock, ‘the predilections of the engi- * 


neers, or local peculiarities | of the site, and it would be difficult to make just ! 


ts Items Nos. 8, 9, 10, and 22 to 27 inclusive, contain data relating to sites at 


which, actually other types of dam are constructed or proposed, but. where Om 
t 


of the arch or constant, -angle arch type, under. certain circumstances, migh 


it appears evident that, for economy, the volume of of an arched dam should ! 


ot exceed 80% of that of a gravity dam, of ‘the assumptions mentioned. In a 


‘other words, the ee crest span s 
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site, an arch dam may be designed so as use 


a 
effectively the strength of the foundations and of the ‘material of con-- 
struction. The Gibson Dam exemplifies this fact, and it 1 represents no doubt > 
the first step in the direction of broadening the scope of arch ‘dams by a ia 


TABLE 6. —REL LATIVE Sul oF Dam SITEs As REG: ARDS: 


Theoretical Crest | Maximum 


ir in feet. degrees. feet. 
dam 


‘te 
ne Pathfinder... 1-48 [10.69 | 218 200 
2 Shoshone. . 1630 [14.07 328 


crest span, angle, in span, in 


con-— Melones 1.595 |12.27 
Le 6 |Salmon River. 1.33 |44. , 


470 0 
353 100 


sites Gibson |13.7. = 
4 Mt. Edwards......... 127.0 90 385 


520 


. 
10 \Nepean. $5.7 | J ‘542 


(205 68 116 8% 
Lake Spaulding..... 275 758 
Warragamba 1.55 121.8 | 310. 618 
Mt. Edwards ........ 
Melones 
night & F or every installation involving storage there exists a size of penieet: which | 
sail £ gives the most economical result i in terms of cost per second- foot of regulated — 
hould outflow.* By means of the procedure outlined in this ‘paper, and following 
= 
In stalls 


“The “Most Economical Size of a Hydro-Electric Installation,” by A. B. Mead, 


GL 


i | 
pers. 
The 
use —- dam to a much greater extent than in the case of a gravity dam. The profile — 
how 
sign 
mer-— 1 
sory 
= 
# 5 
| 2 | w | 
| -@2@ 
708) 50.7 — 
72 73.0 
4 


the general lines of the cnet previously used aes the writer, 0 thier curve of 
h specific cost (total cost of installation per second-foot of regulated outflow), * 
“ol may be found very readily for: any and the economical 
foo 3g _ Whether : the installation adopted will be of the size indicated by considera- 
tions of lowest specific cost depends on a large number of local conditions, 

which must be considered for each particular « case. In general, ‘there will be a 
Be il tendency to push the size somewhat beyond the point of lowest unit / Cost, 
although the installation may be developed in stages. prob. 


= 
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SPECIFIC CAPACITY. 
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‘The method i is useful i in stu of any plan, but is not intended 


0 constitute a a hard and fast rule by which the size of installation is to be 


fixed. ttn may be stated, however, that many economically and technically 
unsound } projects would never have been adopted had such a a method ¢ of study 
been in general use in the past. hum) ten] 
ave ‘pes * “The Economic Height of a Dam 
1923, Vol. 6, No. 1, pp. 36-39. 
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Specific capacity will be e defined as the : acre- “feet of reservoir per 
lle yard o f material in the dam. | By means of formulas developed herein, 


quickly the merits of different reservoirs and site, 
Gravity Dams.—Let h, 174, - 194, and n = 1.64 from 
‘Table 2). Equations (2) and (10) ¢ can be modified by the insertion of and 
r 


as the economic nature of any storage proposal, or for comparing 


“these quantities, to the formula ‘for specific 
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mentioned , when the depth o of excavation below the river bed is s rela 
ively unimportant, but ‘it may | be considerably in error for Jow dams, or ll 


sa 


t which heavy e excavation below the river bed i is s involved. 
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(27) has been represented as an in Fig. 14; and 


comparison of the results obtained from the chart with actual values is 
shown in Table 7, Items Nos. 1 to 10, inclusive. @ No allowance has been made pee. 
for the fact that in some cases the batter differs somewhat from the value of ee 


0.7, on which the formula As based. Discrepancies are due to this variation 


in Ky, 2 and tov variations: of 1 n, height, and difference between height and depth, 
assumed. The “actual” ‘specific capacity for Items Nos. 5, hel 


and 9 (see Column (13), Table 7) : wii estimated. Values of ~~ quantity, ——, 


vary” from 0.322 2 at Ttem No. 4 to 0. 435 at Item No. 5. i n solving Equation 
(27 ) for values i in Column a “mean value of 0. 380 was used. due 


Wk 
‘om the values : assume 


- this s enteo alone ‘may therefore be equal to about 20 per cent. 
Arch” Dams.— —The 2 assumptions necessary ‘to derive a “formula for 


es: capacity for gravity deme have been seen in Table 7 to lead to only 


approximate results. In the case of arch dams" the variables are even ‘More 
numerous, the degree of approximation, therefore, is even less close. 


= 90°, 1. 50, hy = 200, and H= 220. Then, as before, Equations (2) > 
and may be combined to form for specific « capacity, i 


re- 


‘= 


arch dams for which iabadiey are available euialivg both the ‘storage bad j 


the s site is rather limited. - Table 1, ‘therefore, shows also the values of ie | 
for certain sites in which dams of the arch type be con n- 


structed (see Items Nos. ‘11 and 13). The values for Items Nos. cto to 15, 7) 
inclusive, in (12), were corrected for stress 


: _ This formula is represented in Fig. 16 and the results o obtained ata lal in 
Table 4, Items Nos. 16 to 21, inclusive. 


It: is also” interesting to compare values of the ‘specific storage for actual | i 


dams which have been built for different. purposes, irrespective of the type — 
used. ‘. In Figs. 17 and 18 only masonry dams have been included, since for 
dame built of ‘this: storage be compared 


* 


poses “named, although naturally a ‘number of local factors will alter 
economic: limits each particular case. 


“values of the specific which have been economic for the 


econ The upper and lower limits for 


specific storage are such t that for storages of 10.000 to 100 eee. acre-f ae. ,a much 4 


ers. 
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ein, 
and 
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of 
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results obtained by its use with the actual values of specific capacity is shown 
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are m should exceed Qn; but in practice ‘this is 8 quite 
not so, as 5 will seen from the in Tables 1 and 2. . When 
“2 conditions are not fulfilled, ead of one be cheaper to 


baie number of writers have quoted figures for the cost per acre- -foot of | 


various storages. Thus, Wilson* quotes unit costs for a large ‘number of 
storages, mainly for irrigation, in different countries. reservoirs are 


arranged in n order of increasing magnitude, and with inceasing capacity the 


nit 6 cost tends to fall. _ Exceptions are due to the reservoirs having been con- ;: 


mid 
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countries, at different times , and under a a 


A better 1 method of: stating “ unit t costs” is by means of the volume of dam — 


-acre- -foot of storage. Actually, the cost dam is not Propor- 
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‘they were completed or the economic of the . 
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50 60 10S 200 400 600 8001000 3000. 
Capacity | in Thousands of Acre-feet : 

; . 17.—COMPARISON OF ‘SPECIF 1c CAPACITY FOR DaMs BUILT FOR IRRIGATION PURPOSES. _ 


“The various types of dam, such as masonry, earth- fill, and rock-f fill, are then : 


comparable i in each group, but ‘not between groups without introducing factors % 


de on the relative costs of. the materials of 


* 
‘ Note - T — 
| 
n point the way to a more scientific treatmen t pal 
past by rule-of-thumb or trial-and-error 
susceptible of graphical or mathematical treatment, 
agencies are engaged in taking stock of water resources in 
of 
during 
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Note - The Type of Dam i is Denoted thus - 

(G) = Gravity Dam 
(CA)= Constant Angle ch Dam 
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CONSTRUCTION OF LA: ‘OLA ‘PIPE LINE, IN ¢ CHILE 


The p pur anil of building the pipe line described in this paper was to i 


eter 


j 
water to the Plant of the Mining ‘Company, at 


unique and features are as follows: 
fabrication of riveted steel pipe in the 
——The unusual method | of field transportation for construction 

3.—The construction of a AP of inverted siphons, und der very 
rapidity with which construction was accomplished 


and the low unit costs obtained under difficult conditions. 


several years spent in develépinent: of its mining an 
in experimental work on the metallurgy of its ores, the Andes Copper Wining hs 


i / Company, in January, 1925, started the construction of its Metallurgical Plant. 


to'be weed for’ treating dies 


* One of the major problems in ‘connection | with me project was to secure 


. - adequate supply of water for use in the metallurgical processes adopted. 

The problem was difficult, because of the scarcity of water, the character of 


1-2 
the country, and the high altitude of the | plant. 


- The estimated requirements were 29 cu. ft. per ‘sec., of which about 9 cu. 


4x4") 


Potrerillos is. about 596 ‘south: of ‘the northern boundary of 


“ait about 74.5 miles eat of the Port of Chafiaral. (See Fig. 1 1), bilaas 


at 
— 

| 
— 

| 
Pe, |. 
| 

1 
4 
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4 

: 
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"About 2 2 2 miles south of the Andes Copper Mining ‘Company main- 
san its ow n port- —Barquito—where its ocean- -cargo handling | facilities are 


located, a steam power plant of 30 000 kw. - capacity, a warehouse, the Chilean 
Custom “House, the: railway terminal, living quarters: for employees 


a 
» 


more The Chilean Government maintains an and operates a railway tan Chafiaral 
a to Pueblo Hundido, a village 36 ‘miles east of Chafiaral. * The , Andes Copper 
Mining Company ‘operates ove r this railway, under an agreement with ‘the 

Government. it has constructed its own line between Pueblo Hundido- 
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1, OF La OLA Prez LINE. 


Potrerillos, _ the site. of the Metallurgical Plant, the terminus 


Perro Muerto Tun 


4 Pedernales Camp ©, 


-Pedernales Tunnel 


_ 


Plant b 


y an electrified 6.2 miles in 


in 


la This range is the in the 
“Westen ‘sche mgd the peaks reaching 1 more than 2 22 000 ft. in altitude. BLA 


291 
From a point about 300 miles south of Chafaral to beyond the northern 
boundary of Chile, the “Humboldt Current (extremely cold), touches the. 
western coast of ‘South, America and tempers. the climate of ‘that area. 


+e iiss 
od cold-water area coming» in contact with: cold air currents the high 
mountains and with cold ocean winds from the south, creates a physical con- 
es 


that eliminates all possibilities of any great precipitation of moisture. 
As” a consequence Potrerillos and the entire area surrounding it, is almost 


“entirely ‘devoid of rainfall. This area is known as the Atacama and 


a smaller amount precipitation than the Sahara Desert. 


This” arid condition has produced a marked effect on the country. Incom- 
aphy. of, extreme roughness. with considerable 


plete e erosion has left topogr 


growth, and consequently geological ormations are strikingly exposed. 


* The Metallurgical Plant is” at an altitu ide of about 9 500 ft. a n 


at about 10 500 ft. ~The plant ‘and the mine are both in might be classed 


in ‘elevation. . The entire area is, practically devo id of. vegetable 


and the mine 
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s cut or. canyons, dee Dp, 
hav e large areas inaccessible to any form of transportation other than 
saddle pack animals. Water holes are few and far between, and the 
pper entire ares is of supplying food of for ‘man 


La Ola Pipe Line was” within 


nly one apes supply of water lying within a rea 
"gaa ed capable of furnishing a sufficient quantity for the metallurgical 


"requirements. This is a small stream, known as Rio La. Ola, about 25. miles 


east of Potrerillos. . The Ola River traverses a large voleanic “ 


plain, for a a distance « of about 9 miles. _ This pampa, practically surrounded b 1a 
mountains, is about 125 miles long by 10 miles wide, and lies” at an elevatio 


river has its sources in a series of ‘ “vegas” or w 

a large num aber of 3 prings and water- holes; the supply is probably from | 

artesian flow originating in the high ‘mountains: where ‘there is sometimes 


precipitation in the of snow. The “ ‘vegas” er an area of several 

thousand acres and are surrounded by. a -water- bearing form 

The Ola River flows north asa the surface for a distance of about 9 miles laa : 


then gradually. ‘disappears into ‘the loose sands and gravels of which 

- the p pampa is formed. | a he indications are that from its point of disappearance 

it follows an “underground seepage course and again rises about 12 miles 


p farther north in P edert nales Lake, which is at the most. northerly end of ‘this te 
pampa. A Pedernales Lake is a salt bed with an area of about 115 sq. ‘miles. 


sas Sas 


a 


Necessarily any ‘diversion of water from the Ola River must be accom- 
4 “Tstishedh at some point w ‘ithin the 9 miles where the water flows abo 
face. Only | one site was found that was suitable a 
s the diversion dam. At this place, the formation of the pampa changes 
This” sand and gravel toa conglomerate which the characteristics of 
high» fair grade of concrete. hrough this formation the river cut a ‘narrow w channel, 


1 con- “leaving a ‘good site for a low diversion dam. oi This formation a appears rs for only 
sture. a short een up stream a and down stream from the dam site, and seems to 
form ff rier that throws all: the Ola surface 


ncom- y received its from ‘the fact that the salt! or 
h to the taste. It dots not contain» sufficient to be unpalatable, 


» and it was used throughout the construction period for camp drink- 


€: rand const iction purposes. An nalysis of the water is 5 
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‘the of the Potrerillos ore depo ts, a weir 

was constructed i in the Ola River a short distance below. the present dam site t 


(see Fig. 3), when work was started in 1925, flow records were available — 
extending 1 from September, 1915, to November, 1020. Since February, 1995, — 


continuous records of flow have been kept. 4.) 


Parts | per million. z Probable combination. Parts per million. 
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Th 5 - “year “hydrograph which was available at. the time pipe ‘ine was 


, shows the following characteristics: 


Os 


with « monthly 
The 5-year hydrograph was considered to be too short a period on which 


he base calculations but it indicated that the e stream was 01 one of fairly pina 
flow. This isr reasonable when ‘it is considered that practically all the water 


from sources is subject to only slight variations, due 
on ‘the drainage area.» ‘The principal variations ir in n flow 


4 
ng at night and thawing during the day. This variation often 


_ of the average flow of the stream; Wes it is easily controlled ee 
pondage up stream from La Ola Dam. 


Climatic conditions in this area are such ths taximum of 
‘may be anticipated. ‘The atmosphere: is absolutely dry, the sun shines practi-. 
cally every ¢ lay of the year, the air is brilliantly clear, there is no foliage 
and no grass, except ir in. the vegas, and ‘the wind reaches. of about 
20 miles 1 per hour on practically | every. day y of the year. During the warmer a 
: months, from November to April, these fad hi have a marked effect on the P 


flow ; of this stream, and i it is believed that almost the entire. ‘seasonal ariation 


as 
| 
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CONS STRU CTION OF LA LAC OLA PIPE LINE, CHILE 


The annual. variation, no doubt, i is due to the precipitation 


nent area that ‘supplies the underground watercourses. However, since 
rate of ‘underground flow is undetermined and the catchment area is unknow) my 
ya :pproximations ore calculations can be made regarding this factor. 
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we ke excellent demonstration of this vari iation is shown by the hydrograph — 


for 1 1927 (Fig. 4). During the early part of July of that year an 
heavy snowfall occurred on the pampa and on the ‘mountains ‘surrounding it 


(see Fig. 1). ¥ ‘The average depth of snow was more than 3 3.0 ft. on the ‘pampa 


and undoubtedly reached a depth of | ‘many feet on the western: slope of the 
main . Andes Range; yet the month of June, just prior to this storm, shows a w ee 


run- -off than any ny following month of that y year. similar snowfall 
red since the winter of 1919. “It is therefore, to 
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4 forecast accurately the annual variations of flow. - Hence, it was necessary ~ 


a to assume, from past performance, that the stream has a fairly consistent 


and constant flow and that it is not subject to ‘sudden great increases or 
re From the 5-year period it may be seen that the stream flow is less than 


; 5 cu. ft. per sec. for about 30% of the total ‘time; . that the duration of low | 
i flow extends each year over a period | of from 3 to 6 months; and that it is 
"more than 26.5 cu. ft. per sec. for (50% of the t total time. 


Fe The : storage capacity of the reservoir above La Ola Dam is only 1025 000 
cu. ft. , which is not sufficient for ' any appreciable quantity of ‘storage; but 


it will regulation covering a reduction of flow of 40% for a period 


of 30 hours. ‘This hour regulation is than to take care 


the at 29 cu. . ft. pe sec., of whic 
9 cu. ie ber sec. might be recover ed by pumping, and w with a flow of 26.5 cu. ft. 


.: nM per sec. recorded for 50% of the time, it was deemed to be economical to 


develop: this project with the object of ‘securing 26.5 cu. . ft. per sec. for as 


much of the time as possible. Therefore, the pipe line Ww as with that 


conducting water from La ‘Ola River to Potresillos. Three plans were con- 
sidered: One for a high- “pressure steel pipe | line; for a reinforced con 
crete pipe; and the third for a continuous wood-stave pipe. pier 
result of the preliminary w work was a recommendation to construct 
iversion dam about 1.5 miles up stream from the present site ‘of the La Ola 
and to ui use continuous wood-stave pipe for the | pipe line. Through the 
Des a part of the distance this line was to follow a location for light pres- 


and the called for the use of lap- welded steel pipe : at points 


sa had been planned; two were more than a | hide dng and the others varied from 


€ 


Ong anuary 1, 1925, the work of driving these tunnels had been in progress - . 

several years and they had all been completed except about 2 000 ft. in = 
‘ge Pedernales Tunnel which has a total length of more than 1 mile. ee a 
; During the prosecution of this work, a considerable length of 6-in. — 


at 
"stave pipe failed. ‘it had been laid i in soil having ¢ a chemical content similar t to 
that to be traversed by the Ola line. ‘This, resulted in a decision to use steel 


in the construction of the new line. The difference in ocean freight and 

cust oms duties on fabricated pipe and steel plates made it necessary to manu- Mi 
as much of ‘the pipe as the site of the work. This is illus: 
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‘unskilled ‘labor: and (4) ‘the joining of pipe in n the 
- power would not be available. In order that the life of the pipe would be 


equal to the requirements of ‘the plant, and in 1 order to c construct pipe oO 


“sufficient rigidity, for handling and transportation, it was deemed advisable to 
specify in. as the minimum of t id's 


2. —ComPARISON OF Costs TWEEN Lar-W ELDED AND RivETED 


Riveted pipe assembled on job $ 4.33 

Light-weight lap-welded joint pipe purchased in United States.. 

Heavy-weight lap-welded joint pipe purchased in United States. 

ea At the heginning of construction work the problem was encountered of aise 


using the tunnels which already had been. driven at a grade laid down ‘for the * 


location of a wood-stave pipe line, and to adapt them to a hydraulic grade 


that would be consistent with the use of steel pipe. , Te complicate this prob- 
lem the investigations made in 1925 indicated that the ‘upper dam site, pre- 
viously approved for use with the wood-stave pipe design, was unsuitable. This 


made necessary the use of the lower dam site where a previous structure had 
failed. This site was very close to the grade « of the tunnels. 
bold location, therefore, was adopted. As few horizontal as Pos- 
‘sible were used ; heavy were taken» in to. 


that 


The line, as designed and con ‘therefore,’ is unique in two features: 
| @ It involved the use of heavy ‘Sphons; and (b) the greater part of ‘the pipe 


The Chilean w hen properly managed, compares very favorably with 


the laborer in the United States: but to ‘obtain efficiency, certain expedients 


must be used in making work an ‘object. | With work on an hourly or daily rate 


ie of pay the results ‘obtained are not satisfactory ; but when placed on a piece- 
_ work system, or “contrato”, the Chilean la laborer ‘works steadily and efficiently. 


Pint these characteristics i in view, methods of handling labor on the Ola 


Pip Pipe Line we were revised to suit the the situation. Much of the 


done o on a strictly — -work basis. Often a “capataz’ ”, oF would 


be given a contract and he, in turn, would ‘divide his profits with the laborers. 
4 Special contracts were entered into with men \ or groups of men. In other cases 3 


tye 
bonuses were paid for certain work accomplished, 


ay A separate and important class of labor on this work ¥ were e the cartmen or 
carreteros” 
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rtation of pipe and supplies. — 


work is a profession among them, whieh i ‘is s handed p genera- 


tions in the : same family. _ They consider themselves superior to the ordinary 


laborer, and will 1 ‘not lo his work, They are a tough, hardy set of men who- 


meals. on the road and sleep u under their at night, 


‘There are few rough-\ ork, or form, ¢ arpenters C hile, but grade 
are rather plentiful. They are especl ially adapted to cabinet-n -making 

of a similar nature. They are slow, but they turn out a splendid 


oma Mechanics are not plentifal, and it became e necessary to recruit men from 


the better grade of laborers and train them as riveters. These people are 


“naturally quick and skilful with their hands, so that by confining them to 


class of work and putting that work on a contract basis, they would 


Tt ~The higher class, of engineers and foremen on this work were in some ca ses 


contract men, brought “from the United States, and the were 


The 2 money values quoted in this paper are reduced to United States cur- 
Tew at the various rates ‘of ‘exchange existing throughout “the. period that 
fhe work was in pre For practical 8. 25 al $1. 00. 


Cooks and helpers. ... vin, 53 Pipe-fitters and helpers... 1. 85 

Electricians and helpers. 1.74 Rodmen and levelmen... 

draftsmen. 8.36 Teamsters and stablemen. 1.50 

ix oremen 4.52 Tinsmiths and helpers. .. 43 

Iarness makers 1elp- “Watchmeti .............. 136 
_@TS . 1382 Welders and helpers.... 1.69 

Tron workers and 58 Vheelwrights 48 


S.. o 
#2 


: When work began on the Ola a Pipe ose, was a decided scarcity of 
‘We: due to fact that all the work, in and about Potrerillos, was being 


started at that time. The ultimate requirement for the Comapang’s. entire 


4 project t was t to be about 10 000 men. ‘The isolated Ic location, slow transportation 
4 facilities, and incomplete organization - in the beginning made the mobilization 
i 


of labor forces slow and difficult. ‘The quality of labor secured in the beginning 


was also of a low order. — There. was no choice except to take all who came, 
= ae many of whom were drifters, and men who had no intention of doing a day’s $ 


combined with the high altitu ide vhic affected many, the severe 
climatic conditions, and lack “of proper clothing, made the turnover of labor 


A, reach as high as 40% each | month at the beginning of the work. 
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“September, 1930. CONSTRU orion OF LA OLA CHILE 
‘There was a continual demand for more labor on this work froin 
“until September, 1926, when the first neevssary reduction of forces was begun. 


The maximum number of men on the job was reached in April, 1926, at which 
ut ee the payroll showed 138 310 employed. ii Shortly after that date an | epidemic re 


influenza made a considerable reduction i in the forces, and that number was 


Pire AssempLy Puan: STEps IN THE 


i} ate riveted pipe and special shapes were fabvicated at the assembly plant, — 


‘ 


which was located in the bottom uf Pasto Cerrado Canyon where the ‘pipe ine ~~ 
intersects ‘the Potrerillos Railway. (see Fig. This is the lowest point on 


entire line and is about 2 000 ft. lower than the outlet. 


e The canyon is about 650 ft. wide at the bottom and has a gradient of about we 


er cent. ‘a The walls are 1800 ft. high on the north side and 2500 ft. on ; 
the ‘south, The Potrerillos ‘Railway runs along the northern edge of the 


= canyon bottom, and a spur was run at the eng of the eee such a way that, 
by utilizing the AG gra tracks dropped from this spur. that. all 
materials could | be transported through the assembly plant by gravity. 
The plant equipment consisted of layout benches, ‘punches, shears, -drill- 
press, forges, rolls, air “compressors, coil: ‘ivet- heaters, assembly, ‘platforms, 


Twelve distinct operations the ‘steel plates the and 


finished ‘them into pipe of approximately 20- ft. lengths. Each ‘operation 


performed by men en specially trained for that particular work. Practically 


7 every step was done on a piece- “work basis and the gangs of men were so propor- 


4 tioned that the work yan through ‘the plant: at about an equal speed for each 


operation. ‘The itemized costs given in Zable 3 are the averages for the 
eighteen different classes of pipe manufactured. 


Receipts of Materials. — | other materials: were ‘received 


on railway cars, dropped into plant and “spotted” at the 
2 proper unloading point. Many cars of plates contained loads of mixed sizes 


thicknesses. Laborers were Kept busy sorting. this material but the size 
of the gang varied with the requirements. These x men would work at any time, 


an 


Layout Work. .—The consisted of transporting plates on 


tation 

zation “the punches. 

nning straight pilot holes tn with screw from 

came, 

severe Pilate the pilot to a hole in a table erected 
jabor in front of each punch. These pilot holes were placed in the regular position 
into the line and spacing of the 
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“ee 
Papers. 


ing and ile punching plates 


layout pare for curved pipe, v connections, 
r xpansion joints, and special length pipe was not done by contract or piece 


Punching and Bevel Shearing.— —From the layout tables, plates were handled 
over chain-block trolleys: to the two 62- -in. gang punches. (See Fig. 5. -) These 


"punches had a capacity to ‘make thirty- -six -in. holes through a fs- “in. plate 


evenly spaced, or as many as nine t#-in. . holes through in. ‘plate. 


All the pipe designs: were adapted — to using ; male and female plates with 


is ‘taper in the plate sections; double riveting was specified i in the longitudinal | 

Seams and single riveting in the circular seams. Rivet spacing was 

- to use the same size and spacing of rivets in both. the longitudinal and circular — 


_ joints so that one type | of plates could be completely punched with one set- 

‘ting. - One gang ‘punch w. was always assigned to male plates and the other to 


female plates” of the same typée; and they were set 80 that the holes would 


correspond on the circular seams of the plates. This method of punching 


raved to be fast. and accurate, and scarcely any reaming of holes was neces- — 


& except at the scarfed corners of the plates where ‘the accuracy of the 
holes had been upset in the process of scarfing. 
Four men could handle and punch about 8 plates per hour with this equip: 


‘ment. Table 3, Item 6.) Only plates in. thick, and more, were bevel- 
sheared for caulking. ‘These plates, went directly from the punches to the 


1g —From the punches and shears the plates were carried by trolley 


scarfing forges. These Ww ere equipped with ‘electrically driven 
- blowers, and were placed s so that each would heat one corner of the plate to be 


searfed. After heating, the plates were drawn directly from the fires to two 


anvils where the scarfing was done by hand. Four men would scarf about 
i per hour at the rate of 0. 50 peso per plate. Gee Table 3, Item 1.) 
Bending Ends of Plates. —Before being turned ‘through ‘the rolls it was” 


essary to bend the end of the plates to conform with the pipe radius ; other- 
the rolls would leave a flat section ie each end of the plate. For doing 
this work, forms were constructed with the proper bend, upon w hich the plates 


_ were held by clamps. _The ends were bent by hammering the plates cold over 


these forms with 12-lb. hammers. Four men could bend both ends of the 
plates at the Tate of about 9 plates per hour. “The piece- -work | price paid for 


this work was 0.50 p peso per plate. Table 3, Item 8.) 
Rolling — -The plant: was "equipped with a 5 motor. -driven, reversible 
___ bending roll for ‘rolling plates to the pipe radius. "(See ‘Fig. 4. )- One operation 
ugh these rolls would bend the lighter plates to the proper radius, the 
heavier plates requiring 1 two or three operations to bend them to 
be force of four men could handle and roll an average of 9 9 plates per hour at the 
of 0.50 peso per plate. (See Table 8, Item 9. 
Assembling. —From the bending rolls the plates were rolled by hand to the 
assembly platforms. These e platforms were constructed i in. such a manner ‘that 
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5.—-PUNCHING PIPE PLATES WITH GanG PUNCH. 


Fig THE BENDIN 
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CON STRUCTION OF LA OLA PIPE LIN E, CHILE 


would on a system of disk rollers, which the pipe could 
turned without. being moved from the platforms, _ Pipe of four plate lengths, e : 


or a length 19 ft. were bolted together on these 
: 


corners was done ‘immediately after the assembly of 


pes a this Dy included in the unit price men n would aver 
was 6 50 pesos per pipe eof 4 (See 1 able 3, 10. 


TABLE 3 3. M. \NUFACTURE OF Riverep STEEL IN THE F IELD. 


Flat (F. A. Chanaral). 2.3 $11 560.00 

Punching and bevel shearing.....| 119.68 


Searfing 76.16 
Bending ends of plates 0.28 ; 76.16 72 484 
Rolling.....-- 8 76.16 | 484 

Assembling 8 236.64 | 088 
Caulking and w elding sony) 

Inspection 245 


_|Assembly plant equipment. . | ag and erection. 
Power, tools, ete. 


Riveting —Rivets, 3 and ve in. in ‘size, were driven cold by hand, 
heads were snapped and finished toa reasonably smooth button. Those 


the 
more than in. in size were driven hot with air hammers. 


ee All rivets were bucked up from the inside of the pipes by eee of a | buck- 


ho ing iron held in place by a wooden lever. The weight of ‘the man who sat 
on the end | of the lever be opti provide the proper pressure to the bucking i iron. 


ven com- 


compressor: of § 250 ¢ ft. Motiher'Wa was used ¢ as a stand- by for times when no 


_ electric power was ‘ivettable, e Rivets were heated i in a series of oil forges dis 
&§ through ‘the riveting sections of the plant. 
riveting gangs consisted of three. men, and the average 
ae driven was 65 per hour per gang. The prices paid ranged from 7 a 

to 9. 00 pesos per hundred rivets, size. (See Table 3, Item 11 


Caulking. —All joints: between plates heavier than fs in. caulked 


See KE 
ir hammers. In the beginning of the work and before ‘the first hydraulic 
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ONSTRUCTION OF LA OLA PIPE LINE, CHILE 


d at the searfs. The hydraulic test t showed scarf 


welded, “which “completely eliminated this defect, “Caulking and 


re! welding were done | * a “per day” ” wage basis because inspection of this class — 
work is difficult. (See Table 3, Item 12.) Terk 


___ Inspection. —General inspection of the work w as made by the foremen in 


the plant and special inspection of rivets, caulking, ‘punching, and assembly 
was made men whe also accounts on 1 piece- -work contracts. Test pipes 


We wee alee were subjected 


Dipping. After ‘they were ‘riveted an inspected, all pipes Ww ere numbered 


marked to o show the type and were then placed i in a storage’ yard. From 


this yard they were rolled to the dipping as they y were required 

city of four pipes each, v 


were constructed baal 
_ These tanks furnace 


grade asphalt. hen this was heated, a 
ae flux was added ¢ to an amount of about 2% « of the asphalt. The temper- 


ature of the dip w as ‘maintained at from 875° to 400° Fahr. Tt has a i flash- 
point: of about 425° and caught fire twice, due to carel 


operators. first fire. resulted in the Joss of practically all the mastic in 
3 the tank as well as the | pipe that was in the bath. Prior to the second fire. 
ef a ‘steel cover for the tanks had been constructed, and with this. the fire was 
Ri ay ‘The pipe was dipped cold and allowed to remain in the tank about 20 min. 
bring the temperature of the metal up t to the temperature of the bath. 
 yesulted in a very smooth, shiny coating, , about r* in. thick, w which had a an 
a excellent bond to the metal, was not brittle in cold weather, not too soft in — 
hot weather, and withstood well the rough handling received in pn ae 


After almost four years of. use this. coating has now (June, 1930) resisted 


ae the abrasive and other effects of the w ater and i is in excellent condition. ee 


‘The t two dipping tanks were served by a derrick which was used for placing 
anding them on the drying 


platform. The pipes over r the until the drip had ‘stopped and 


2 ‘were then stood on end to cool. As soon as ; they reached the temperature of 
e the air they w were Teady f for use, _ because this dip required n no further ¢ drying. 
‘The, labor of dipping was paid for at the ‘rate of 2.00 pesos per pipe. (See 


Special Pipe.—. All special pipes were laid out and fabricated to fit the 


5 particule point for which they were made. —Curv es were limited to a maximum tel 


i 7 ofa 5° angle fora a single joint between 5-ft ft. plates ; hence a length of pipe, of 
oe ‘plates, was ‘enough for any angle up ‘to 15 degrees. Angles of less tl han 


were made in one joint. Angles between 5° and 15° were made in three 
‘equal joints, , and those of ae than 15° were extended to as many joints as 


were necessary to F ield excavations followed > 
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_ these rules, so that when the Special Plant received an order for a curve of -.. 
certain degree angle, no further information was necessary to show: how that 


pipe should be laid out to fit the ground. ones 


ae: Special lengths of pipe were required for ‘making closures between sections — give 


pipe-laying and for fitting curves of high h degree t to the ground. These had 
a to be specified, together with the type of ends, whether male or female, and eh 
had to be turned out at the plant i in a short time to prevent delays i in the pipe- i 


dying. Holes for and drain valves were cut out. with acetylene torches 
all saddles were caulked after riveting. Expansion joints were 
factured in the United States and shipped to Chile with blind ‘companion 


us flanges. These ‘flanges had to be punched to fit the type” of, pipe to which 
= joined, and were riveted at the plant, to one plate length of pipe. iter 


7 e was carried on in a manner similar to that 


atraight pipe “except that the special department was equipped with 
double- end punch and shear cutting and ‘punching curved joints, and 


elders and torches for cutting and All 


te, 

ae 

Jost of Bipe, Including Specials: 
Assembly per foot.. 


Total, 3,.in 1 dollars ‘per ton 

+. Total per linear foot 
Total per Cube yard 


Cost of Tunnel Driving (1 942 ft. iy 
: # Total per cubic yard (3 100 cu. yd. ) es 
CostofTunnel Lining: 
- Total per linear foot (7 196 ft.)....... hs 
y Total per cubic yard (5 300 cu. yd.)..... 
Cost of Pipe Laying: i 
Total cost per 


imum 


than fabricated was n “specials” In 

three 4, showing a summary of pipe-line costs, “Expenses” include lectri 


Power, railway freights railway various other small items. 
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Rate of Progress. began at ‘the ‘Sifon Plant” in 


» 1925, but ‘such we ork as was possible at ‘that time was confined to the 


construction of buildings, and the laying out and grading of the 


mie wae and yard. . At first, the shortage of labor and material retarded 

hus It was +noe een July, 1925 5, that the first of the equipment was received 


and it was nearly the end of August, before sufficient equipment had bee 


and erected to start assembly work on the pipe. 


ed total period of manufacture extended from August, 1925, to August, = 
ei 


= 4926. In ‘that time 131 200 ft. of riveted pipe were fabricated, or an avert age 
= of 360 ft. per day. This: rate fgg the v use of 7 75 plates: and the driving of 


average was 640 ft. per day, which ily nse of 
plates and the driving of 15 000 rivets. 

4 


ss ‘The largest single item of labor cost for the construction of the Ola | Pipe 
Line was that of transportation, and except : for lsetecund of pipe m apneic ‘it was 


Those who are unfamiliar with South American and Chilean conditions 


can _ hardly realize the tremendous undertaking required to the 
22040 of materials and supplies that w vere | used. 

, the Assembly Plant was the freight- station for all materials 
1 stor store house, 

the ‘yards with sufficient capacity, for g all located. 
Tt was 28 tiles, by pipe line, from the intake at La Ola Dam, and 4.3 shiles 


the outlet pipe at Potrerillos. The distances by rail were 83.09 


of lowest on the entire pipe line, which meant an uphill haul 
aay from there to all parts of the line. | The location chosen, however, was the 


best possible because railway facilities were necessary for 
sitar and this location was at the only y intersection 0 of the pipe line and the railw ay. 

‘roads, which in reality were little more than trails, extended 


4.3 miles, from there zigzag had been the canyon 


sides, one leading south to Potrerillos and the other going up the opposite 
canyon wall, _and thence to Pedernales and La Ola. From the Assembly Plant 


to the rim of the canyon the vertical distance i is 1700 ft., and the haul by 


es is 12. 4 4 miles, of which 3 7 miles is a switch- back road on a 10% grade. 


‘tracks parallelling both ‘Tt was decided, ‘therefore, , build the north 


Teg track with the purpose of using it for hoisting all pipe and ‘supplies to 
i 
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inclined railway w as: built with a vertical lift of 1600 ft. 

othe § 2; zontal distance of 2950 ft. The average slope. was 27° and ‘the maximum 

th slope, 46 degrees. The roadbed was cut through limestone and conglomerate 

arded throughout the entire distance. The lower end of the track began at a sloping 

trestle about 328 ft. long» ‘made an overhead crossing over the railway 

sived, and landed at the top of an almost vertical cliff of limestone. ‘The track had 
a a gauge of 39.37 in., , which corresponded 1 with ‘the gauge of the Potrerillos- ‘* 

~*~ Railway. The rails were laid on ties in the usual manner, but were — 

gust, each rail- to: an eye- “bolt grouted into the of the roadbed. On the 

ng of | 

the pes 2 ft. long and mounted in “bronze bearings, “were at 

f 130° ints where the loaded cable would ‘drag.: 

-- apa a ae The car used on this incline was 20 ft. long and had a capacity of 12 ou 

i, Tt Ss traction pull was from the ce center through a bridle that could be — 

nd lowered at. ‘the cable end to conform with the irregular grade of the 

is . _ track and to prevent lifting the front wheels of the car from: the rails. 

it as as ‘The | hoist had rope speed of 200 ft. per min. and the average 
or down, consumed about 20 min. With loading - and unloading, a round trip oa 

of the car required about lhour. For much of the time 

day and handled as much as 2314 tons in 1 month. 


All ‘materials: for the construction of the ond Ola Dam, 


su for all the iat bithin end of the ‘pedal over 
“ore iS Sifon Alto Camp was at the head of this incline railway on a sloping mesé 

e 83.9 4 or ridge about 0.62 mile wide which drops away to the north into another 
canyon of same depth a as Pasto Cerrado. At this camp there was 
imple room for large storage yard for pipe, corrals. for mules, shops for 


haul 


blacksmiths, cart and harness r makers, and necessary camp 
buildings for housing the men. qa Len ate 199 


asthe 

‘Sifon Alto was headquarters for all the animals used on the job and. fo 
ihe all cartmen. cart and harness repairs were made here and all feed for th 
tended mals passed through this ‘camp. The maximum number of animals in 


to camp from the Assembly Plant which was 1s supplied with, water 
Plant From Sifon Alto the cart followed a ridge for about 44 miles 


a a 10% grade for a distance of 734 miles’ to the | top of Pifion Pass which has an > 3 


ag by ibout. a 4% grade; then it meandered and rigragged along | side hills at about 3 


elevation, of about 13.000 ft. Pifion Pass the road first drops and then. 
 Stalall ~ ises a second time to Llanta Pass in a distance of about 23 miles, and then 
abruptly to fo an elevation of about 11 250 ft. at Pedernales Camp, 
plies to Be the bottom of a deep valley between two mountain ridges. hee 

and Tunnels were driven through these two 


hy 
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_ 
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ported material. camp consisted of a staff house, bunk houses, store, 
ey ‘mess house, first aid station, corral, and blacksmith shop. Water 
in sufficient quantities to supply | the corrals and camp, was available from 


Camp the road course of Pedernales 
_ Canyon for about 33 miles, on about a 2% grade, and from there it led to 
‘the open La Ola Pampa, which is a flat. valley 6 to. 12 miles wide, with a 
sand and gravel floor. 4 This pampa rises at about a 1% grade toward La Ola. 
Dam and the intake of the pipe line. bi: About . 5 miles of this pampa had to 
- be crossed to reach the dam and no ) attempt v was made to maintain roads because | 
= character of the country was such that carts could break new tracks as 
fast | as the old ones became impassable. — The pipe line was located along the | 
western edge of this pampa and gradually reached the bounding ridge of moun- 2 


as the grade dropped away. cart roads, therefore, followed the 
as far’ ‘as practicable, and then turned in to accessible points ‘on the 


pipe line, with no attempt to established trails. 


‘The Chilean mule cart was exclusively on the work of 


piece of equipment. it has béen generations 
a and proved in this instance to be well adapted to the bad roads, steep 


Sangoma deep ruts, and sharp turns over which material had to be hauled. It is 


Fig. 7.) The tires are 5 in. wide pay 1 in. thick. hubs 


steel, and the axles made of 3- -in ‘square metal. ‘The car is so constructed 


that the load is balanced equally, fore and aft, the axle, At ‘the ‘front. and 
rear are two swi nging props on which the cart is balanced while being loaded 7 


- when the team is Testing on the road. JA brake-beam with large wooden — 
mt brake shoes operates: against the rear ‘of the wheels by means of a a screw stem 
all ” or butterfly. To. operate this brake the 


and es can be set at any tension desired. ls 


eit ‘When i: in motion the cart and load are > balanced b by one mule that is hi staked 
between rigid shafts. This mule’s harness consists of a heavy halter, ‘a collar — 


with chain traces hooked to the front of the ‘shafts, and a padded saddle ah 


a heavy cinch to which the shaft ends are ‘bound - in a manner to balance the 


4 


cart by the weight of the mule. The mule also wears a heavy breeching w which | 


attached forward to the shafts so that he is hitched firmly forw ard, back, 
>, and down. td He acts | as a flyball for the entire unit and i is either carrying 


“clever. in ‘their. loads, and the: outfit 
ees better than might be expected. — The mules are hitched three abreast to these 


ba The harness of each of the other mules in the team dennlatic of a collar 
Pe: chain ‘traces hich are” held up by a padded saddle. The traces of the 
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Fic. 7.—THE NOON Stop aT REFRESCO. 
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Fiqa. 8.—TRarin or Carts RESTING ON PINON Pass. 
(3 962 M AND THE 


= 


whee 
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are hed to trees and no eveners are used. The t 


of the lead mules are hitched to the traces of the mule behind e the ‘eintle. Bs 


No bits are used, and ‘no lines, except a -line to the lead mules’ halters 


4 
which is pulled to stop the team or when making a a turn. The driver rides the 
left-hand wheel mule on a high saddle and drives his team with a whip. This: 
hitch is ingenious and very flexible, providing for quick changes and additions — 


a to a team, and can be strung out to any number of animals. ce ad this w work as 


— 


many as twenty- -four mules were used on one hitch. 


A driver will ordinarily handle six or seven animals’ and the best dive ers, 


nine. In transporting pipe, with a load of about 5 500 lb., in addition: to 1 the 

weight of the cart, one driver and one helper. were used ‘mule team. 

ee this work it was necessary. ‘to have one man to handle the brake while the _ 


ve 
_ Pipe carts were a rack in front, wide enough to 


e 36-in. pipes s side by side. This rack raised the front end of the pipes 
held them in a glanting with the rear end high enough to | clear 
the 1e irregularities: of the road. The pipes were bound to the carts with chains — 

ti ghtened Ww ith turnbuckles: and were held from slipping back by chains hooked 4 
into the ends. The pipes, being about 20 ft. long, extended over the wheel 


a mules ai driver and produced | such a teetering motion that an extra shaft 


it 


7 


was added to the right side of these carts 80 that two mules could be — 
in the shafts to balance the load. incl om shots 


Each cart carried its ration of hay and feed for the entire trip which, on ‘ 


i the. longest end of the haul, took four days to complete. The mules were ie 


tay 154 Ib. of hay and 63 Ib. of grain per day ; working seven days a 


y great number had to be MCD 


handled in the pipes were with Topes and blocks. 


_Betwe een the Assembly Plant and Potrerillos the pipe traverses. the anyon 
side across the roughest and most inaccessible part of the line. 
‘deliveries s throughout ‘this ; section, pipe had to be loaded | on railway ca cars sand 
transported part. of the distance by rail, and then hauled to the line on carts. 
order to do this, 43 miles of new, side-hill road had to be 


through a steep and difficult country. road had one main entry to the 
by railway where the greater part of the pipe was taken from the cars, ie 


4 
2 to the top of a ridge about 100 ft. high, and there loaded on the carts with a 
steam derrick. this entry | the road followed the ‘top of a long: ridge at 


a g a grade of about 10%, to a point above the pipe line where it branched in both 


directions, going at a level grade to Sifon Sur at one end and to Sar Augustine ~ 


__ San Augustine Canyon | Presented the most difficult problem for the delivery 
é line. A dor uble siphon crossed this Canyon and the 


| 
“i 
| 
| 
a 
{ 
>| 
| 
| | 
ra and Huacho Tunnels, the road was as much as 1} miles from the line of the a 
- . Zz pipe. At these points the loads would be carted as far as possible along the an 
af, _ ridges and from the point of unloading the pipes would be rolled to the a 7 
At many points, it was impossible to deliver pipe by 
itn 
i 
q 
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‘tion except pack animals. It would have been to construct. 
g ide 8 miles of difficult road to reach the central ridge. The problem of deliver- 
Sa ms _ ing pipe to this section was ‘solved by the use of a low two- wheeled cart. ‘The 


vai _ Pipe was balanced o on 1 the: cart and was pulled to the top of the ridge with a 


Trains of pipe and carts (see Fig. 8) were started each 


- from Sifon Alto under the supervision of a leader who had complete charge of 
the train: en route. These leaders were men . who had been advanced from 


‘any circumstances. Each ‘dag’ 8 's trip was for the drivers, aid 
‘if they that distance they v were paid a bonus of 25% more e than 


oh hid trip, received no bonus. This made them care for their carts, harness, and 


mules, and assume entire » responsibility for their outfits. result of this 
bonus system was that very few drivers would fail to finish their trips. 
hos The average day’s haul » up grade and with a load, was about “153 miles. 
Returning, down grade and with no load, the average. was” about 25 miles 
‘The haul to La Ola Dam and the upper end of the line required four days 
for the round trip. _ From La Cabra Tunnel the time was cut to three days” 
: i and from Perro Muerto Tunnel, to two days. Train leaders would start from 
ie Sifon Alto at 7:00 a. m. with as many as twenty- four carts and would arrive 


fae Pipe carts were unloaded in the field by throwing off the binding chains | 
x and sliding the pipe to the rear until the | ends rested on the ground. a 


> would ope them out Om balance so that the cart could be driven out from 


te ‘maintenance of 1 19. 88 atlas, the purchase ¢ of carts and harness, all mainte- 


“mance of equipment, the loading, unloading, ‘anid operation of the incline car, 


a In the high altitudes where the he Ola 1 Pipe Line was: constructed an extreme — 
daily variation of ‘temperature exists. To prevent freezing and to. reduce 


ie expansion and contraction it was , decided that the | pipe would be ‘sleeid 3 in a 
trench and covered throughout its” entire length, except across the ‘Montandon 
where it w ould be supported on piers and anchors. 


On the Ola Pampa, where the line i is exponed to extreme weather and 


planned, to Raval to about ‘two: 


a 


= 


iy 
Bh 
— q 
top. The vertical lift was 325 ft. ina horizontal distance of about 500 ‘ft. 
| About 1000 ft. of pipe were tr bout § 
ers, were thorougniy Competent and reliable, proud Of thelr responsiDility, } 
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‘the of = the excavated material was, to be for 


- “covering. Figs. 9 and 10 illustrate conditions along parts of the line. hae oa 
4 All trench excavi itions: were > made by hand. T he material was such: ‘that — 


~ only, very heavy excava nt would sek sufficed, and the use ¢ of such 


equipment was the of the country. The ground along 


about 50% of the line required blasting before it could be excavated, and much — 


of the trench was through solid rock. Sy in 9 1598 


= certain stations on he “Tine, be ty excavate 
finish that section, ‘and would receive no liquidation of their contr ‘act until e 
The proper width and shape of the trench was by the use 
light wooden templates which were marked along the ‘sides i in such a manner © 4 


area of the cross-section could be. read. from: them ‘direct. By 


method the quantities: and classification ‘of excavated materials could easily | be 
Trench excavation, was started in was finished i in August, 


were © employed. 


“The dirt under the invert of the shovels to 
settling. Where the pipe followed ‘side-hills, the fill on the down- hill side was 


= * 
el of ‘the ground, the top- filly was and scrapers. The 


costs, are shown in Table 4, ‘Items These 
ial. 


River during ithe. 


10 its ‘natural eve Bui It -conerete structure 
Z gravity type, with a spillway 65 ft. long, an outlet chamber and head- zate, and 


for drawing off from the reservoir, 


f 


; work on the Ola Rive] was begun in March, 1925, 1942 ft. 
: Pedernales Tunnel remained to be driven. This section was 1190 ft. from the a 
west portal and 1 670 ft. from the east of ‘the tunnel, The completed 
- portion at the west end was through a hard blue limestone which stood up well. 
rithout timbering and. required 1 no lining to make ‘it water- tight. The section 


completed tunnel at the east end was ‘through: bad around for ft, but) 


— 
a 
|. 
4 
| 
7 — 
me 7 according to the classification and quantity of material moved. The earth - 
ae was classified as earth, hardpan, or solid rock, and measurements of the 7 
different classifications were made after the excavation had been completed. 
A, 

n 
rte 
4 
q 
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A diversion dam was constructed in the La a 
season of 1925 and 1926, between the months of 
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in hard granite. 9 The timbering i in the first 1 640 ft. was in bad ae 


tion, , which necessitated the lining of that section to make it safe. E In. order 


that the driving of the remainder of this tunnel should not conflict with © 
the ‘work, it was to complete the > driving: from the west face. 


: In idee | to do this. it v was necessary ti ‘drive. 290 ‘ft. per 
w th haul of more than 2000 ft. for the material broken. 


The section of tunnel was 6.56 ft. Square, which allowed room for the q 

operation of only one drill at the face. portable ‘rasoline- driven air- 
gompressors, one of 250 cu. ft. and one of 175 cu. ft. capacity, were installed 


at the west portal to provide air for drilling and for running a drill sharpener 
forge. ‘The efficiency of these compressors was only about 60%, bee 


pe Ventilation was | provided by a gasoline- driven blowe er, and fresh : air was ‘con- 


ucted to the face through canv: yas vent. tubes; these were exten ided as the 
a pa progressed. Broken rock was hauled by mules i in 1-yd., side- dating mine 


i 


‘Three 8- hour shifts were orked at the face. Holes were drilled to a depth 
of 5 ft. + He required two shifts to drill a round of holes, to blast them, and — 


o remove sufficient material to permit further drilling. bovis 


4 

Chilean labor, on a contract basis, was used exclusively. The Company 
furnished the equipment, tools, air, timber, and powder, and paid 150.00 pesos 
per meter of tunnel completed ($5.53 per ft. > including all labor for drilling, 


te oft 


3 _ Work was st started March 1, 1925, by | hand ‘drilling. It was not until May 1 
that the compressors 1 were installed and ready for operation. . ‘During Septem- 
ber, 1925, a fault plane was intersected which opened up quite a heavy flow of © 
_ water. The ground was badly shattered and the tunnel opening was difficult to 


maintain. For about 820 ft. the tunnel had to be heavily ‘timbered and, later, — 
lined with concrete. t This condition sl slowed up progress, but the tunnel was” 


wae 


4 


a: 


- finished on Desémber 29, 1925, two days ahead of ahetele, and with a perfect 


gd made in any one month was during ‘August when 
total cost is ‘shown i in Table 4, Items 7 and 
aie fina location of the Ola Pipe Line with the necessary adjustments dk 


: a ade to the completed tunnels, threw Pedernales and Llanta Tunnels ‘Tia 


the hydraulic Tine, and, ‘consequently, 


clea 


Practically the en of Llanta Tunnel and 2 890 ft. « 
Tunnel were in bad ground, composed of a shattered limestone through which 


were sloping layers of soapstone. Some water ‘seeped into’ these tunnels; the 
and several falls of rock had occurred i in a Lanta Tunnel 


concrete lining seemed better adapted to inspection a 


a n the process of running ‘the pipe through these tunnels, it w 
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- 5 ngth.- 
the entries and Hooded 1t tor almost its entire 
which had blocke maintenance 

as decided to 


“necessary. ‘conerete forms that wi 
“manner to prevent the placing of concrete, or the removal of forms from 


= sections. : To accomplish this, forms were developed that needed _ 
no center bracing, and that left the tunnel bore entirely open | between the ne 


ribs. This was done by’ making the ribs in three sections, consisting of 

an invert section and two side sections. 


if A concrete floor was first laid to gr erry auld: ‘upon this, while the concrete ot 
still green, the invert ribs were placed, held i in position by bracing against 
the’ roof, “a then lagged. at Near ‘each end of these invert ribs were holes which | 
held” a | bolt. bolts were fitted w vith nuts and 0. ‘ ‘washers which 
cause were embedded in invert concrete when forma were filled. ‘Up 


of the invert forms the bolts would be tapped lightly and then 


at 
leaving holes with ‘the nuts and washers embedded i in the concrete. 


the After the ‘invert conerete was s set and the invert forms were ‘removed, the side 
mine forms were erected and held in place at the bottom by screwing back the bolts 

Aapiaals through cor responding holes i in the | upper ribs. The two side ribs were held in F 
depth position at the top by a wedge, Ww hich when ‘dropped would loosen the ribs for 


a, and The lagging for the upper: ribs w as built 1 up as the sides were filled 


ES 


vith concrete. The top lagging was put on in 5- ft. ‘sections, and the concrete 
mpany 


was shoved and spaded back from the end until the top w as thoroughly filled. 
) pesos» 


The concrete in these tunnels was: reinforced with a in., , round, reinforce- 
‘illing, 


placed on 12-i -in. centers both ways and short in., bars were used 


foe bonding at the | construction joint between the invert and the sides. 


Sand and gravel were available at the portals of nearly all these tunne 8, 
but had to be | separated and screened by hand. - Water for concrete was avail- 


able from t the inside except for about one-half the east end of Pedernales ane 
Tunnel. _ For this work the water had to be hauled about 2 ‘miles up a 15% HS: 


grade. The cement was carted from Sifon Alto: to Llanta Tunnel and to Peder- 


nales Camp, ‘and packed there on burros: to both ends of Pedernales 


~All dhs’ conerete for the latter | was mixed | by hand inside the tunnel and an 

shovel from the mixing platforms directly into the forms. The concrete fo 


— Tlanta Tunnel was mixed in a steam mixer at the east - portal, and hauled by 


mules in end- dump cars to the forms. 

the work was done on a contract basis and was paid ‘tol at the rate 


80.00 ‘pesos. per. Tin. m. ($3.00 per This price included the removing of 
a light @ a timber, cleaning up the tunnels, , screening § sand and gravel, placing and remoy- 


forms, cutting and placing ‘reinforcement, and mixing and placing 
1 which The progress of the work was” rapid in Lanta Tunnel v 
els; the conerete was mixed outside. In Pedernales Tunnel a delay. was by bad 


Tunnel from the setting concrete. _This was: before ‘the tunnel had been holed 
i moto frome, and there was no ventilation until a canvas vent- tube and a blower 


tenance 
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CONSTRUCTION OF LA OLA PIPE LINE, CHILE 
The 640. ft. of tunnel lining in Pedernales, East, was "started in May, 


1925, and completed in August. During July, 853 ft. were completed, which 


= ‘The Lanta T Tunnel lining was ‘started i in August and completed 
ber. he length o of tunnel lined was 4308 ft., and the best. run was in 
No OV ember, during which 1 801 ft. ere finished. Yad 


Pings W est, we as lined i in January and February, | 192 6, the best run 


> 


‘The moist cool air of these tunnels retarded the setting of the ain 


tos some extent ; but ‘it contributed i in producing a splendid lining. — och. A mite 


anal ‘Due to the cheap labor and to the fact that salvaged steel transmission- line S 


cable was used for reinforcement, for w hich no charge is included, the | costs: 


of this tunnel lining are very low. % These costs include | all labor and material, 
but do not include transpor tation. (See Table 4, ‘Items 10 and 11. ) Be i: " a 


ig he laying and jointing of the pipe in the field were the final steps | in the 


Be ad construction of La Ola Pipe Line, and required ‘the co-ordination of all the 
work up to this stage of the cbhitertbetioii. n. This co-ordination included pre- A 
paration of the ground, the ‘receipt of materials and supplies (including ‘ 


4 


two days, or more, make deliveries. to. the the wot 


needed. part of the work included ‘the laying of eighteen different 
classes of riveted pipe, fabricated at the Assembly Plant, and seventeen 


= ypes of lap-welded pipe, purchased in the United States. Much of © 
the latter was pipe that shad to +, joined in its proper order because each 
joint had been manufactured to fit its special location. — The deliv ery of this” 

pipe f from the United States was erratic, and a delay in the receipt of a few 


a0 
hE* sections held u up . the w work of laying for about two months. This « co-ordination 


a prov ed to be the mos st difficult problem with which the field “organization | had 


-laying at the intake end of the line with 36-1 -in. “riveted. pipe. 


‘The first part of the work was across - the flat pampa where there were no 
and very few vertical | curves. The system of Jaying adopted was 
ae together ‘several 20- ft. sections of pipe outside the tre enc ch, and to 


_ join such a section tot the last that had been laid. As shown in Fig. 11, the end 
of ‘the finished section and the section being joined to it we ere held “eth in the 


ary with tripods a and chain-blocks: until the joint had been riveted, and 
then were lowered into place ‘with the chain-blocks. Tt was. found that a long 


string: of this: pipe had ‘sufficient flexibility to permit. the use of this method 


“without putting undue strain on the rivets. After riveting and eaulking, all 
Ad 


field joints were painted inside and outside w ith hot mastic. 
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the beginning. of this Ww ork more than 123 miles of pipe were laid before 
the e expansion joints and valves w were received. Consequently, the laying was 
done i Im 5 sections leavi ing openings at points where the expansion joints were to 
be placed: ~ Saddles for air and drain valves had been received in time to be - 


0 connected to the riveted ‘Pipe: at the time of fabrication, and the valves were 2 


the line until ‘the ‘construction had reached. Podernsles, Tunnel, a distance 


The first test included the section between La Ola Dam and La 


ae a distance of about 5 ‘miles. _ This disclosed no breaks in the line and — 
‘no faulty pipe, but. showed a large» number of pin-leaks, particularly at the 7 


points wh where the plates had been scarfed and lapped. After this test all the | 
assembled at the plant was electrically welded at. the scarfs and much 
greater care was used i in | caulking all : field joints. T Abed 
> 
3 In the rougher country it became necessary decrease the number. of 


: lengths « of pipe connected d together outside t the trench, and it was found that, in Je 
very rough sections ms and on steep grades, better progress could be maintained by fhe ‘ 


only one length of pipe at a time. pit, to. 


When expansion joints were finally installed it was found that the. openings, 
"which had been left between } pipe sections, varied considerably i in length, due 
_ to expansion and contraction. In practically all cases of installing expansion 7. 4 q 
joints special lengths of pipe had to be ‘Provided | to produce. a proper fit. It Zz 
Ww was by this method, and at expansion joints, that all closures were made 
= 


between different sections of pipe laying. — ‘Four gangs were necessary to 4 
+ this p part of the work uj up to schedule. ak a 


types of lap- welded pipe were used: (a) Bell | and spigot pipe 


- leaded joints was used i in sections of lower pressure ; and (b) Van Stone flange- 


joint pipe ‘was used at points of high pressure on the line—in- general, 
ce pressures greater than 400 Ib. per sq. in. Angles i in this latter | pipe were made 
either with curved sections for the higher degree or with -_wedge- 
“Dutchmen” for the Ic low- degree angles. i) As much of this pipe was laid in the — | | 


Siphon, where the slopes exceeded 45° , the of the joints 


Each second joint was supported on a concrete pier" (see Fig. 12), and 
anchors were spaced about 164 ft. apart, “with an expansion joint ‘near 


each anchor. Reinforced concrete anchors were used where solid-rock footings 


were available. The reinforcement was extended into the rock foundations by pay 

being grouted into drill holes, and concrete anchors of the gravity type. were 

used where solid-rock footings were not avaliable; 

special eross- casting, equipped with high-pressure drain-valves, wag in- 


stalled at the invert of Montandon where the working pressures were 


valves in which are a by-pass pressure relief. 
men can operate them by hand under the full pressure head. oe ee oie 
When hydraulic tests w were put on the lap- welded } pipe sections i it was 1 18 found 
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and contraction of the pipe, and w pressures. 
caused a joint on the south leg of Montandon Siphon to open and four a 


of pipe blew out. of these went to the bottom: of the siphon 1500 ft. 


ate These leaded joints were designed with only a small bead of lead in the 
_ spigot end to prevent’ movement. An analysis of the trouble disclosed the 
fact that the movement of the pipe from expansion and contraction had 
a sheared this bead of lead, and subsequent movements had worked it loose i in the 
joint. The high. pressures then blew it from the joint. T This analysis showed - te 
= that any “process that might be used to hold the lead in place would reme edy — 
the difficulty. It was found that the quickest and simplest method was to 
construct reinforced concrete collars. Three rings of g- in. reinforcement were 
_ made, one to lie in front of the lead, one behind the bell of the joint, and the i 
"4 third around the bell. These three rings were laced together with heavy wires 
of ‘sufficient cross-section to withstand a stress equal to that exerted on the 
lead joint. This reinforcement was held in | place by pouring a concrete 
< around it. “About 1 100 of these collars were made to protect leaded joints. — 
‘e To date (June, 1930), none of these joints has broken and only one has shown — ‘ 


anh Only four of the Van Stone joints in the entire line showed leaks, and 


ep, these required only a slight taking up on the bolts to make them tight. No 


leaks have developed at these joints to date (June, 1930). tina 
Pipe laying was started on November 22, 1925, and the last pipe was laid 
November 21, 1926. The average rate of laying was 8280 ft. per week; 3 the 
Sa maximum laid in any one month was 6.52 miles, or 1150 ft. per day; and 
laid in one day was 1312 ft. cost items are shown | in 


A 


_ The original « construction plans | and estimates miade for the Ola Pipe Line 
did not contemplate. the construction of the Montandon Power. Station, 7 
although it had been considered. ‘Tt was only after the arrival of the construc- 


by them, that the construction of this. plant. was ‘authorized. 


line, in excess of the pressure “head necessary to 
Water to Potrerillos. This excess head and hydraulic drop occurs 
saa Points where the line is tunneled through the ‘mountain range which inter- 


-venes between ta Ola ‘Pampa and Potrerillos, and the head of Montandon 


‘ending a point 525 in elevation above ‘the e Potrerillos outlet 
it _ Pifioncito Tunnel was used as a forebay for the penstock and was provided 


x care for an; any overflow of the line which might occur during 
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-down the The penstock between Pifioncito Tunnel and the 
Seles ndon Power Plant consists of 1 mile of 36-in. riveted 1 pipe, 2.4 miles of - 
26- ‘in. ‘riveted pipe, 0.6 mile of 26-1 “in. Matheson joint lap- welded pipe, 
0.3 mile of 26-in. Van Stone joint lap- -welded pipe. The latter is used on the 
_ lower end of the line. This penstock contains a total of twenty ee 
_ siphons, the greatest of which is under a pressure head of 430 ft. arin notte. “ae 
the primary purpose of the pipe line was. to furnish w water to Potrerillos, 
ie power station was a secondary consideration and therefore was designed to 
bys pass water, when the plant was shut down. Provision for this feature vas 
tole by governing the plant with a deflector which cuts the jet at the nozzle, — 
A allowing the water to pass, but deflecting it from the wheel. The plant i is also ae a 
provided with a by -pass for diverting the total ‘stream away from the wheel. 
The needle- valves” of both 1 wheel and | by-pass nozzles are hand- -operated ai and 
: "interconnected i in a manner to close one valve while the other one opens. Bont: 
‘The hydraulic equipment in the plant consists of a single-nozzle, overhung, b-2 = 


"impulse wheel, 53 in. in diameter, propelled by a 4}-in. jet. This wheel is 


a - designed to operate under 1132 ft. of head, ata speed of 514 rev. aida 


"bearings. The exciter ‘unit is s direct- to the ‘other ond of ‘the: 


The t -race and by “pass” discharge into a steel tank 25 ft. i 
diameter in which batfiles have been constructed to check the velocity. of the 


water. ‘This tank is provided with a spillway ¢ and an outlet gate 
the pipe line to ‘Potrerillos. hen closed, this gate diverts the 
flow: 


flow over the spillway into canyon which takes the water entirely away from 


the pipe line. The capacities of this plant for corresponding quantities of 


uantity Ww, Quantity of flow, 
-ineubic feet fine Capacity, cubic feet 


second, Ps in kilow atts. ue per second. kilow atts. 


for the of this was March 
1926, and was completed by the end of that month. - During April, all the sub- — 


-conerete was ‘Poured up to the level of the operating floor. During 


but during that a ‘permanent building for housing: operators 
ee Was constructed. | By the end of June all the building steel had been received _ 
y and erected, and ‘the equipment had been transported to the site. On July oT, 
‘the plant was completed, and has been in operation since that 


‘date, except for minor interru tions. 


‘The only difficult part of this work was the: transportation of the vlant 
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because the was s mounted on the shaft. The weight of the piece taxed 
ine as the cap: capacity of the incline railway and was of such shape that the crate had 
_ to be bridled ahead to the haulage cable of the car, in order to prevent it f from , 


h tipping over backward. From the top . of the incline the transformers and 
other heavy pieces were carried in four- wheeled | wagon dr drawn m by eighteen | 
difficulties attending this construction make a story in themselves. 
The organization of the necessary supervising staff, the training 


necessary material were the factors on this work. To 
appreciate the task, it is “necessary to the country traversed. The last 
_ pipe was in place and all work completed on November 21, 1926. To date . 
& 1930), the La Ola Pipe Line has demonstrated its fitness to serve the 
for or which it it was ai: ont 
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ae 7 TESTS (OF BROAD-CRESTED vEIRS 
Joba By James G. ‘Woopsvrn, * Assoc. M. 


This gives he results 305 tests made 1928- at the 
of Michigan, Ann Arbor, Mich., on broad- crested weirs of various 


in a wooden flume 2 ft ft. wide. The crests varied i in n breadth: 


certain suguested i in favor of the broad- crested weir over the 


.. One advantage estab- 


Z lower ‘than the se at the wot end of the weir 
‘without changing appreciably the e relation between head- ‘water elevation 
char Moreov. er, if the slope of the weir is such that a hydraulic jump — a 
~ ean be made to occur on the crest, nearly all the initial head can be recovered, i 


till without changing the head-water-discharge relation, 


This ability to operate ‘when submerged adapts the broad- crested weir for 


use. under conditions where head is at a premium, as, example, in the 
measurement of irrigation water. ‘The broad- crested weir, moreover, even 


operating under a considerable degree of submergence, requires the 
of measurement of head at - only one point and i is thus preferable to the submerged 
sharp- crested. weir and the Venturi ‘flume, which require the measurements 


Another advantage is the ‘possibility of causing flow to oceur at critical 


“depth at some predetermined point on the crest at which the ‘depth ean be age 
measured. The discharge is a simple function of the depth, 
ndependent of the confusing effects ‘of velocity. of approach. at 


discussions o of subject had indicated that critical depth 
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TESTS OF BRO AD- ORESTED WEIRS- 


_ which would maintain flow above, and. the | 


this theory, tests were made weirs rs formed of 10 ft. of level 
_ followed by 3h ft. of apron with a small down-stream slope, the entrance to the | 


These tests showed that the location of critical depth i is affected by 

ie on the erest. The conformation of these waves is, in turn, affecte yt aa 


: volume of flow. > ‘With flows up to about 8 8 cu. . ft. per see., critical depth in a 


| of tests occurred. at the change in grade, provided the slope of the 


8 apron was not too > steep; but in other tests. ‘the waves caused the position on of 


-eritical depth to move short distances up or down stream. ‘When the flow w was | 
increased to more than 8 cu. ft. per sec. the position of critical ee — 

to: 3 ft. up stream n from: the change in grade. 


flow without waves, critical depth v was s found ‘to oceu 


= é rule, only at some point of the initial drop at the entrance to the endl 


at which the water surface sloped steeply and a small error in selection of the 7 
of ‘measurement would cause considerable error in the measured 


i between the design of the weir, the number of waves on the crest, and the loca- 


ital 
“Much information was obtained in regard | to weir coefficients and to ‘the | 


weir with rounded entrance followed by a 0. 026. This 


slope of crest ‘permitted the formation of the hydraulic jump and the 1 recovery 1 


described ith have made by Bazin, “Blackwell, 
- Fteley and Stearns, the U. sS. Geological Survey, and others, on many designs 
dams and weirs not  sharp- crested, but only. a small part of their investiga-_ 
; a tions has” dealt with weirs with broad level crests or with broad crests having — 


However, recent ‘discussions tests on the subject of the critical depth 
- and hydraulic jump* have suggested certain advantages which the broad-crested _ 


 * The Hydraulic Jump in Open-Channel Flow at High Velocity,” by K. R. Kennison, 
M. Am, Soc. C. E., Transactions, Am. Soc. C.°E., Vol. LXXX (1916), p. 338; “Theory of | 
Hydraulic Jump and Back- Water Curves,” by S. M. Woodward, M. Am. Soc. C. E.; ; also ae | 
Hydraulic Jump as a Means of Dissipating Energy,” by R. M. Riegel and J. C. Beebe, The © 
Miami Conservancy Dist., Tech. Repts., Pt. III, 1917; “The Hydraulic Jump and Bat 
Depth in the Design of Hydraulic Structures, vi by Julian Hinds, M. Am. Soc. C. E., Engi- 
neering News-Record, November 25, 1920; “The Improved Venturi Flume,” by Ralph L. a 
Parshall, Assoc. M. Am. Soc. C. E., Transactions, Am. Soc. C. E., Vol. 89 (1926), particularly — 
_ discussions by Julian Hinds and 3 Cc. Stevens, Members, Am. Soc. C. B., p. 841 et seq. i 
ne “Berechnung der Wasserspiegellage,” by P. Boess, Karlsruhe Forschungsheft No. 284, Verein 
Deutscher Ingenieure, Berlin, 1927; “The Hydraulic ‘Design of Flume and Transi- 
tions, ~ Julian Hinds, Am. Soc. C. E., Am. Soc. C. E., Vo 
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water. may have over the advantages are 
‘ae —Its adaptability to the use of the hydraulic jump to reduosto 
minimum the head lost in the weir; 
2—The possibility of producing flow at critical depth with a 
—— simple relation between depth and discharge which is independent 4 


of the confusing effects of velocity of approach. 


_ Purpose AND Score oF THE Tests 


They purpose cia the tests was to obtain experimental data in regard to these . 


two suggested advantages of the broad- crested weir. The breadth of crest of 


weirs tested varied from 10 to 15. 5 ft. , with various down-stream slopes 


and combinations of slopes from level to 0.085. The range of heads was from a 4 
08 5 ft. to 1.5 ft. and of volume 0 of flow from 2 to 11 cu. ft. per sec. These e and sae 
other details of the tests will be ; given in the summaries of the experiments. EQ‘ 


4 


Coefficients of discharge. of various weir models were determined both with | 


fall and with the weir - submerged. ~The data thus ‘obtained permitted 
a study of the effect of submergence, of the effect on . the ‘coefficient of various 


factors 3 in the design of the weir, and of the variation of the coefficient with “4 
= head. Profiles of the water Vertes ide made with different weir models 
to permit a study of the factors affecting the position of critical depth, with 
s. a view to’ suggesting ‘if: possible a design of weir which would produce flow , hee 


flow. 


The following notation is used in ip paper: 5 
head on the weir, in feet. 
total head, in feet, at any point ina flowing stream. ali 


= head due to velocity of approach, in feet, two it 


= depth i in channel of ‘approach, in feet. 


= critical depth, in feet. fier als iow odd 


= velocity, i in feet. to si b 


A 
‘discharge, in cubic feet per second, foot of width, 
= weir coefficient, sbunof aw air it to atest ot loa 


= = acceleration due to gravity, = 82.16 cu. ft: per sec. per sec. - ie 


head coefficient, NE for unequal distribution 


‘The total head in any point of a flowing streath is: mw bax a aa 
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5 “PESTS OF BROAD-CRESTED WEIRS 
Gtitiea definition, is the depth at which, fo any given total 
head, the discharge i is a ee. eee Q, with respect to D and | 


equating to zero, aly oF aiilidatgaba 


ye to 2 br te 


method of determining the e discharge is available, to: seri ite 


with respect to D, dividing ; that is, te 


Details of the boratory are shown in Figs.-1 anc 


porwr of water flowing in nv ‘system was controlled by the gate ‘aie’ at 
upper end of 1 the 15- -in. pipe line. at 
_ The 90° V-notch weir by which the discharge | was measured, was calibrated 


as Weir. —At a a point 32 ft. from the head 
stepped 1.75 ft. (Fig. 1), and ‘for 10 ft. at this elevation. This 
ae formed a weir ‘crest 10 ft. broad, with square-cornered entrance. Series A 
ee includes the tests of this weir. Rounded entrances of various curvatures Ware | 
‘ “obtained by means of laminated wooden blocks set on bases of proper h ni 


anil thickness ag n end of the 


the slope ‘by: laying it on shima on on ithe 10- ft. level ‘section. 
Series D D and D E£ give the resv!ts obtained with two different slopes of crest. : 
4 Combinations: of level and sloping crests were obtained 1 by means of a plat- 
ft. long, used with either the permanent level ‘section or ‘the ‘sloping 
ty false bottom. With the former the platform was used asa a down-stream apron 


with three different ‘slopes Geries, DA, DB, DC) while with the sloping 


2 — 
bes 
— 
— 
ea harge is, there Thus, if the eritical dep = 
rectangular 
| = 
— 
The 
hex 
Ba 
‘meas 
— 


The flume and were built in ‘August, 1928. prior» to the test 
which began in November, the crest of the permanent weir was planed to 


true level surface, and the sides: of the flume, as well. ‘as the weir crest, were 
+ scraped and sand- — to ‘give t as smooth a surface as possible. d 


‘ 


Point Gage 
__ Wooden Flume 


Weir 
‘Hook Gage for 


"Substituted 
x 1544" 


Cypress So Splines 


6 


CROSS SECTION 


OFF LUME 
Fic. i, —Derans OF EXPBRIMENTAL FLUM 


wooden, forming the down-stream end of ‘the permanent weir 
section. These. holes" were in horizontal line 5 in. below the weir crest, 


Wooden plugs’ were used to ‘stop ‘the holes when required. 


plugs and the x nappe was aerated in tests in which the ba ck- water 


‘The x nappe ¥ was thus aerated for flows 1 up ) to about 7 cu. ft. per sec. 


easuring Water Sur ace.—The elevation of the he w 


str of the weir to the gauge was 7 ft. When the weir was 


hin. up stream 4 the addition of the 33- ft. platform, the ¢ gauge ' was s moved t up to the 
ectio 


mounted on a a light channel iron. 


ported by parallel channels attached to the tops of the posts. é 


jo 90° V- | | 4 

ation 
7 

n was 

— 
a plat- 
sloping 
doping measured by means weharge.— Ihe disch 
scusse here b ethods and resi Bir: gravimet in 


the were closed. At the instant the beam rose to the 


‘bar the two watches were started. . The weight was then set ahead to the he 


"desired final, quantity, and ‘the ‘watehes were stopped when the beam rose to 
the bar ag again. The average of the readings, corrected for initial e error, 


was used in the coefficie nt. The watches were checked for initial 
Be a The hook-g: -gauge was read as m many times as as possible during the course of 
the: tests. . The length of test for the sma ller flows was | made about 4 min., 
enabling twenty or more gauge readings to be taken. At the larger flows ne 7 
length. of the test was ‘as determined by the capacity of the weighing tank, ‘and was” 


‘sometimes as as 50 permitting only : seven or e ight gauge readings. 


| 
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pale 2.—CALIBRATION or 90° V-NotcH WEIR: VARIATION OF C wit 


“Bisa 


eas obtained for’ CO are plotted against values of H i in Fig. 2 2, which nowy: the usual 

decrease ‘in coefficient with 4 in ‘head. ‘The equation, = CH, 


% awkward to use because it involves two variables. By making a a slight change 


ra i in the exponent « of H, ‘a suitable equation can be derived in which’ C is constant. = 
i) The equation best fitting the points on the graph was adopted for use, namely, 

= 2.505 48, The curve representing this equation (Fig. 2) was obtained 


plotting of C against H. Cis is computed from th 
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= - 2. 52 “47, wa as as the res 
“experiments sitiiaed at the | ‘University of Michigan in 1918. In Scotland, 


- some 3 years previously, Barr made some 2 experiments with results as also shown : 
on ‘Fig. 2 2. coefficients fit quite closely the equation, 2.48 H? 48, 


of Barr's results ts higher 


writer’s “equation is seen to lie the Barr and 
-~ niversity of Michigan equation, but approaching more nearly the latter at the ‘S 


higher heads. _ ‘The care taken in calibrating ‘the V- notch weir and the agree-— 


hig 
ment with V- -noteh we eir tests offer reasonable assurance that the sub- 


"sequent measurement of discharge over the Ww veir correct at 
le east within 1 per cent 


| method of making four man 


he. 


the hook-ga -gauge which showed the he: ad on notch weir. by whic 
discharge e was measured. | Another read the point- gauge up stream 


from the broad- crested v weir. These two gauges ‘were read at sec. 


in fest. 


surface Fig. 8). ). ‘Cross- sections we were dows: stream, at 
as many points as were required to > permit drawing an accurate profile. 


each average of these readings \ was used i in plotting the 


The fourth. man kept notes for the second and third ‘observers. The ma 


reading the hook- -gauge recorded his own notes. 


Pa ah A \ number of tests were made merely to determine coefficients of f discharge 


without taking profiles of the water surface. | These tests required an observer oe 
on the. hook- -gauge, one on the f fixed point: gauge, and a recorder. 
CIENTS 


= 


Horton i in his treatise on eWeig, “Coeficiente, Formulas.’ 


The steps in the computation. will be given briefly. 
average reading of the hook- "gauge, ‘corrected for reading 


of the gauge, was used to find the discharge, Q, from a table prepared by the | Ns 
writer, based on the formula already stated, = 2.505 


The. average reading of the fixed point- “gauge, e, corrected for the zero read- 


Ing, was used as the observed head, H, on the 5 weir. 


depth « of water in the channel of approach, sisi 
= =H the height of the vital 


Geological Survey, | Water ‘Supp and ‘No. 200, pp. 66-67. 


res H 248. Thus, the curve 
1 and the test results are comparable graphically, 
a 
— 
Tawn on the grapn to serve as an | 
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2 ft. wide, giving critical depths for values of 0 from 0 ‘to 12 cu. . ft per § sec. 
An outline the 305 tests of broad- crested weirs, with the series des 


ical order of their as follows: 


te: 


Square cornered entrance........ tests, Series A_ “oft 
Rounded entrance, 2-in. radius. .... . 13 tests, Series 
Rounded entrance, 3-in. radius... tests, Series Cc 
act Rounded entrance, 6-in. radius........... 96 tests, Series D 
Rounded entrance, 3 by 6-in. ellipse, 


a | 


Tests of weirs” from 12 to 15.5 ft. broad, with various slopes ai and com- 


of slopes. Entrance rounded on 6-in. radius: 
10-ft. followed by 3. 5 ft. of 0.015 
-10-ft. followed by ft. of 0. 1G Tone “| 


10-ft. level, followed by 3. it. 


. 
ft. of 0.004 83 tests, Series DD 


12 ft. of 0.026 slope............ 836 tests, Series DB 


tests, ‘Series DF 


1.—Effect of submergence on the weir coefficient. 


—Variation of coefficient with head for different weir 


Effect of Submergence on Coefficien nt.—The results of of fifty-f of 

tests which ‘the effect of f submergence or the weir co fici nt, are 
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‘and the entive range of head from 0.5 ft. to 15 ft. pair, 
nearly every case, was performed consecutively with no change between 


Pea Either with or without the hydraulic : Jump, the average difference i in the 


coefficients of the weirs submerged and with free « over-fall was found to be 
Int 


-_inappreciable. | n thirty- two pairs” of tests in . Table 1 (Part I), in w hich the 

jump could not be be the: weir was 
ae 


coefficient for the weirs was 0. 163% than for the weirs” 
ae The depths of submergence are shown in the profiles of water ill in “a 
F ig. 4. In the tests in which, the slope of the crest was. steep enough to permit | sr 
formation of the hydraulic jump (Series DE and 1 DF), the loss « of head 
over the weir was limited to about 0.2 ft. at the smallest flow and about 0.3 ft. oe 


at the largest flow. In the tests of weirs: with 80 flat that the jump 


stream ¢ end of the weir without noticeably affecting the conditions of flow 


over the weir, and the loss of head v ‘was from about 0.3 ft. for the smallest flow Ey, 
to about 0.6 ft. for the largest flow. an 


The attempt was made at the start of each test with ‘the weir | 
= to Pak up the tail-water to an elevation just under the maximum which would 
leave 1 the weir coefficient unchanged. If at the start of a test, however, the 
-w ater was very close to the permissible slight fluctuations in 
in | the weir coefficient. 
po osely approached more closely in tests in which ‘the jump could not 
forn vhich ‘it could be > formed, a1 and as result was probe 
Ms : reflected by the averages ( of T Table 1 (Parts I and 1 If) wh which show « a a difference Be te 
in coefficients of ‘weirs submerged and with: free over-fall somewhat larger 


when the j jump could not be formed than when it could be formed. 


ie ae A, A typical example of the change in conformation of the water surface over Ns 
a ‘submerged weir without the jump when the tail- water rises through this 

permissible elevation is shown by Tests 4 and 5 of Series DD Fig. 4). 


of flow in the two tests was practically. the same but a small closure 


& 


53 
-water. A change of this nature, although much smaller in extent and 
-— gaused by a ‘slight fluctuation in in the volume of flow instead of by closure ad ake i 

the those six tests. of Table 1 (Part I) in 


' which the jump was formed on the crest when the weir was submerged, the == 
a — the submerged weirs was, on the average, 0.081% less than for a _ 
| 
a q 
a 4 
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q 
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‘TESTS S OF BRO. AD- CRESTED | 
TABLE 1. .—Tzsts or Broap- -OREsTED Wes: Comparison OF CoEFFICIENTS OF 
SuBMERGED Weirs anp WEIRS WITH FREE Over- 


Length of weit, iu? ft.: entrance rounded on 6-in. radius.) 


Total head Coefficient in which O 


Test No. eubie feet per | head plus 3 
it velocity head, Q=O0L Ha", | greater 


Part I: WEIRS WITH SLOPE OF CREST SO SMALL THAT HYDRAULIC 


rf eteot to ating al ditty asiow ai 


fi 

20. 108 


 & 


wae 


Average for Series DA ........|... 


—0.3 


of 


90) 


1.4189 wie 


dais 1.4196 | 
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re 


= 


Percentage by 
which 
submerged is 
greater or less | 
than free 
over-fall. 


Coefficient in 
equation, 


Q= OL 


2.758 


9. 


0. 6108 
0.6094 
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— 
4 


| Discharge, in 
eubiec feet per 


he \ 


1 


Average for thirty-two p 
tests in Part 1 


BY SUBMERGENOE. 


Percentage by 
Coefficient in | whicheC 
equation, | submergedis 


greater or less 


| 

4 


Total head 


= observed | 


| 


cP FORMED ON THE CREST 


ERI 


98 


verage for Series DE 


ft 


—0 03 
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ae 
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These 


TABLE 1. .—(Continued. 


CL Ha’, | greaterorless. 


1 

ain 


‘ 


Average for Series — 


tier? 


4 


of tests in Part Il............ 


Grand aver age fifty- -four 
Ww pairs of te sts i 


_ which the « coeficient was more than 0. chat the coefficient 
with free ove over- yer-fall. If these six pairs : of tests 8 are disregarded, the remaining 
-twenty- six pa pairs give coefficients for the submerged we weirs 's only 0. 09% less on 
the average than for the weirs with free over- fall. 


With the jump formed on the crest, “the largest ‘difference in coefficients ite 
submerged with free over- -fall was 0.39 per cent. a Various | ‘positions of 


the jump were tried, but none closer to the entrance of the weir than — 
e 6 i; at which distance a slight fluctuation in volume of flow merely cause 


a — movement ¢ of the jump up or down stream with no other visible « effect 


Profiles of the water surface over weir for eac each we weir Boh 
Submerged and d with free over-f -fall, and with a range of h head from 05 ft. 
TB fits are shown i in ‘the series of graphs in Fig. 4; also so the | points at Sat-which 
the measured depth equals the computed critical depth ‘for each 


~The graphs that none of the weir models 
ified depth at any fixed location throughout the entire range of heads. i: 


points wher previous ‘discussions had indicated that t critical d depth migh 


age by 
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ex ected to occur, as, for instance, at the ‘change from level crest to a dag 
pe 


down: -stream slope (Series DA, DB, DF, and DG), the depth ‘of flow was 

ub found to be affected by waves on the crest of the weir. ? On the other = 
occurred, as a rule, only on the initial drop. 4m water surface ‘at 
eat to the weir. One series of tests in which the crest had a down-stream a 
_ of 0.004 (Series DD) showed for the smaller flows a depth very near 


the critical t through a distance of 3 or 4 ft. at at about the ‘center of the et vik a 
ut for flows larger | than about 6 cu. ‘ft. . per sec., , the depth was dition 
than the critical at all points except 0 on the initial entrance drop. cl 
Although for models tested no one ‘location was: indicated at 
critical depth may be expected to occur at any flow, nevertheless, ‘the cis 
joa" 
1 show some interesting facts" in regard to the manner in which it varies with: 


the number of waves on ‘the crest; and also ‘the manner in which the width a 
slope of the crest, the rounding of entrance, and the volume of flow affect 


aa, | 


Distance above Crest, in Feet 


& 


, 


part or all of the pay w as level. ‘The ‘of Series B to Gs show 


conditions of flow over. a weir with a level crest, 10 ft. wide, with rounded 


- entrance. . The locus of the points of critical depth i in the pro hditles ¢ of this group 
‘is a series of disconnected s straight lines, apparently with | about the same 


- slope, each line containing the points of critical depth accompanying a partic- 
pi ular number ‘of waves on the crest. Thus, all. profiles showing only one ‘wave 


on the crest have their points of critical depth on Line BB; profiles with two 


waves have their points on Line CC; those with ‘three pe 
2 with are waves, 0 on Line ‘EE; and with five waves, 0 
since its profile shows points of on both Line BB and 


Line AB, containing critical depth points for flows of about 11 cu. ft. per sec. 
and greater, appears, from the few tests made at those flows, to slope u up mnie 
left instead o of up to the right like the other 


he same arrangement of the points of critical. depth, is apparent also ; in 


s the profiles : in Series DA ‘and DB for free over- all. A majority of the 
4 of critical depth for the lower flows in these two series lie at, or very close to, 


the change i in slope. ~ However, even with these smaller flows, the effect of the am 


Waves | is apparent in the 1 variations of of the points from the 
i slope. At the larger flows, the points of critical depth all occur from 1 ft. aed ets 
to 38 ft. up stream from the change i in slope, and their locus is similar to that 


the points on the profiles with one wave in Series B 3 to 
The profiles show the variation of the number of “waves 01 on n the crest. 


a e volume of flow and with the breadth and slope of the crest. A At the smallest _ 


tested (Series B ‘to G, and five. distinct waves | appear. With: 


o 


bove Crest, in Feet 


increasing flow, the number. of waves “decreases ‘eonsecutively at the 


largest flows. the profiles present a smooth curve. free from: waves, , Moreover, 


m it is apparent that at least within the limits of these tests, the waves on a level 
crest, to occur until smoothed out by sufficient increase i in a the slope 
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r by a ‘fall stream end of level section. Narrowin the weir 
yould thus obviously result in fewer waves ‘at the smaller flows and i ina a reduc- 
tio on of | the volume of flow at which the last wave disappears. Ay sd ont: ha he q 


mat ‘The effect of an increase in slope. is shown by the profiles of Series DF 
a and DG. The weir in Series DF consisted of a level s section 34 ft. long, with 
rounded entrance, followed by 12 ft. of 0.026 slope. — Waves ‘occurred singly 
and | only : at the two smallest flows. _ ‘The narrow section of level crest and the 
" steepness of the down- stream slope combined to smooth out the flow quickly. 


* a The slope of crest in Series DG, how: ever, was not sufficient to smooth out the 
flow quickly and the > profiles show ¢ at least one tented and as 
om many as three waves for the smallest flow. 


_ ‘The f foregoing discussion we position of critical depth: pertains | to the 

reirs in which ‘the entrance was rounded. With a -square- cornered entrance 

the conformation of the w vat 

ay seen by comparing | the vies « of Series A with those of Series B to G. "The 
initial drop i in the water surface was greater with the square- -cornered entrance 


the square- -cornered entrance the water surface dropped toa point below the 


critical depth and then commenced to rise gradually. ‘This | rise continued 
either until it approached the critical depth, when the st surface became wavy 
and turbulent, « or until it reached the vertical curve caused by the fall. The 


“critical depth was reached 


and waves were formed only with . flows of less 
‘about 4 cu. “ft. per sec The w ayes “formed with the rounded entrance 


were ‘smooth in profile, and the water ‘surface wa ras practically level in cross- 


_seetion at all points. With the square- cornered entrance the waves reached 
rey “more 0 of a peak, being considerably higher i in the center of the stream than at 


bas VARIATION 0: or WEIR Conrricrent WITH Heap 


398 The variation of the weir coefficient, Gg with the total head, He in the 


OL ‘#, z, for thirteen ‘different w models tested, is shown 


the series of in ‘Fig. longitudinal “section of the weir ‘model 
is shown with each graph. ~The on the graphs include only tests of 
Pak, To facilitate comparisons of the coefficients for | the different weir 1 ‘models, 


an thirteen n curves are shown on ‘one graph i in Fig. 6; “also, two “curves « obtained 


by ‘Bazin and ‘three by the 0. Geological Survey for weirs of. the same 


‘general type as those reported in this paper. 


borne, One ‘important comparison (Fig. 6) is ‘that for the 1 weirs with the broader 

att 

pa art of the crest level, with “rounded entrance, and either w ith « or without a 


“narrow sloping  down-str eam apron , the « coefficient i increases ‘with the head up 


to values of Hy of about 1.10, after which it is approximately constant (Series 


to. G, DA, a nd DB); while for “weirs with: “the broader part of ‘the crest. 
sloping down stream, with “polinded entrance, and either with or without 


Baw level” platform Preceding the sloping section, the ‘coefficient decreases 
Ww ‘wi with the hee ad and shows § ‘a “tendency to become constant at valties of H, of 


than with the rounded entrance preceding | a level crest 10 ft. broad. With § 
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(Fig. 6) also indicate that for the breadth weirs tested, 


varying the curvature of the weir entrance between a 2-in. and an 8-in. radius 
has practically no effect on the 1 weir coefficient. The graphs obtained with — es 
six: different curvatures—four circular and two elliptical—all lie within 0. 5% 
another at all points. The graph for a square- cornered 
wie 4 mh 
(Series A), however, is considerably lower, showing values of the coefficients 


a from 6 to 8% less than for rounded « entrances. Apparently, the entire advan- ee? iG 


tage of rounding the entrance is ‘obtained with the change from ‘the square a 
corner to the 2-in. . radius, and further increase in the radius’ not appre- 
_ ciably increase the co ficient. 


Values of CoefficientC 


Values of CoefficientC 
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= OBSERVED Heap + Heap; L = 2. 0 Furr. 

A definite e increase in coefficient with i increase in slope of the crest is my 

n. A —, of the curves of Series DE and DD for the same width ee 
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ie OF BROAD- CRESTED V WEIRS 


wa vane, but with different slopes, shows that the coefficients for the weir with 


a crest slope of 0.026 are about 4% higher throughout the range of heads” 
te ~ tested than the coefficients for the weir with a crest slope of only 0.004. Tests 


in Series DF and DG, in which a 34-ft. level section preceded the sloping 


35 Level 0.026 


— -DA Slope 0.015 

DB Slope 0.004 
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6— VARIATION OF Coursrcranr OF DISCHARGE. WITH a ToTaL ‘Heap. Ha. Bazin Curve 
AND ND U. | GEOLOGICAL ‘SURVEY Curves ARE TAKEN FroM WATER SUPPLY PAPER 
section, also show higher | coefficients the weir w ‘ith steeper slope. The 


4 difference i is not so great, sree er, as in the narrower weirs of Series DE and 
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The tests show a ‘reduction in with an in the wi 
of the e weir, by Comparison of Series DA and DB with Series to G shows 

"jaa a ‘decrease of about 1% in the coefficient resulted when a 34-ft. down- 
gstream apron with a slight slope was added to the weir with level crest. More- 

_ over, comparison of f Curves DE, DF, and DD shows that ‘the coefficients s were 
7 reduced about | as much by the addition of 34 ft. of level section ahead of the 
wi sloping section a as by reducing the slope from 0.026 to 0. 004. The height of tae 
these weirs varied from 1.75 to 2.12 £t.; but there is little probability that the 5 
conclusions are appreciably in error on this. account, especially since the 

a aviation in height wa was largely compensated for by including the correction 

for velocity of approach i in the head used to compute the weir coefficients. __ ; 
All the te tests show fairly good agreement with those obtained by ‘other 

. deetanaiane on weirs of the same general type. The results of Series B to G 


are comparable with Bazin’s Test No. (Fig. 6) on a weir with level crest, 


1930. 


a 56 ft. broad, with rounded entrance. As might be ‘expected with a narrower 
weir, the curve of Bazin’s ‘results, lies somewhat higher than the curves of 


Series B to G. G@. For a sharp- cornered entrance, the curve of Series A fora | 


a 
weir r with a crest 10 ft. broad location with the curves of 


Bazin’ s Test No. 115 and of the U. S. ¢ Geological al Survey Tests Nos. 42, = 


a 


q An inspection of the individual. of Fig. 5 shows that in tests 
of the 13 weirs, only one e point, No. 21 in ‘Series ‘DD, is more than 1% off Ps 


“—- H, enters the broad-crested weir | equation to the three- halves power, — 


of approximately one-third of 1% in observing the head on the broad-crested 


“from while the large n majority are well within 0. 5% of the curve. 


aD error of 0. 5% in the computed value of C is caused | by an inverse error ane 


eir. _ At the lowest head tested, 0.5 ft. » this | error would be 


The tests. furnished experimental 1 of the theory that a broad 


ELA 


an = 


P ai free over-fall. Measurement of head, moreover, is required at on 


rested weir can be ‘properly designed to operate submerged with small lo 


head, and. with ‘the same coefficients as for a weir of the wi 


one point. 
The ‘minimum loss of head occurs when the weir is designed pe produce a 
hydraulic jump on the crest. Jong the jump does not approach too 
Close. to the weir entrance, its position does not : affect t the coefficient. te 


Te 


2 
i. In aie. the: tests brought out difficulties which must be overcome in 


. producing flow at ‘critical depth at some predetermined | point on the crest of | 
the weir. The chief difficulty is the formation of on the crest wi which 

affect the location of critical depth. . Tests of other types of ‘entrance with 


: different alignment of the sides the channel may “lead toa design of weir 
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Ww hich will maintain the flow at the w 


waves. — The measurement of flowi ing water with a broad- crested weir of this” 
type would require only” a determination of the depth at the predetermined | 


as mt point and would not involve velocity of approach, which has been a continued - 


source of ‘uncertainty in measurements w ith sharp-c created Ww eirs. 


” ad The tests were performed by the writer under the leadership and guidance 


W. ‘King, Am. Soe. C and with the assistance of C. O. Wisler, 
; M. Am. Soe. 0. E., and Messrs ELA. J.G. ‘Tobes, 0. L. Palmer, 


WwW oodburn’s work on broad-crested weirs. The object was to determine if 
possible a form of weir crest which would cause the locus of critical depths to 
Le lie in a vertical line. The general dimensions of the weir used are illustrated 


Fig. ‘The apex of the two sloping aprons forms the highest section of the 


Results are given for 235 separate experiments. down-stream apron 


Was Be set at ‘slopes of 1in ‘1b. 4, 1i in 24. 8, 1 in 25.0, 1 in 25.5 , and 1 in 46.4. ~The 


vets slope of the 1 up-stream apron was varied between 1 in 7.5 hind 1 in 98.5. ‘The 
De®, | heads oe _— 0.12 to 1.33 ft. and the discharges from 0. 22 to 9.33 in. ft. 


The experiments show that for the flatter slopes waves formed on a 


- up-stream apron ‘and that the location of critical depth changed with the an 
tion of the wave. be condition was less marked for the smaller discharges. 


describes experiments conducted in continuation Mr. 


; . The effect of submergence on the relation of head to discharge was investi- 


gated by. making parallel runs both with and without submergence. In all, 


pe fourteen pairs of comparative testa w ere made. The value | of the ‘coefficient, C, 


in the formula, Q = = CL was also investigated. addition. 
a series of experiments was conducted to. check the formula for the V-notch 
which was used to measure discharges. 


* Prof., ee Eng., Ohio Northern Univ., Ada, Ohio. 
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er, 1930 TESTS 0 OF BROAD- CRESTED WEIRS 

With slight ‘modification the equipment used i is the same as that 
mined in the | paper. The horizontal broad-crested weir was modified by building 
tinued small bulkhead at up -stream end and attaching the sloping aprons, 
in Fig. The down- stream apron, the false bottom referred: to by Mr. “Wood- 


burn, was fixed for each s¢ set of experiments. col -stream § apron was attached 


almer, 


of of 


we Matched Floor Matct hed on Stee 


the floor aw way the joists, a convex 
of a plane. Thereafter, matched | to a frame 


oths to 


ms An outline of conditions to which the experiments conform is given in 
strated Table 2. In making each run, the profile of water surface. over the weir was 


de termined from observations 2 ft. or less ¢ apart. . Att the time of taking read- 


ings along the center line of the channel, simultaneous readings were made for 


the fixed | ‘gauge : and the V- notch-weir gauge. Six readings w ere taken across 


apex of the weir while ‘simultaneous being taken at the 


“attended of the three gauges, hid one man acted for the fixed 


g 

- 4, 


xr several heads. 

which 
near, 

“ducted for setting of the 


nvesti- critical dey th w determined from the formula, 2 
In all, Q=Nq : 


ent, C, = 0. 1981, This depth was plotted on each | 
Profiles “ag of experiments were plotted on a ‘single ‘sheet. 


dition, § pical examples are shown in n Fig. Five sets ‘experiments containin 
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«the down-stream apron was kept constant and that of the up-stream apron was eee a 
ye varied. _ Profiles of each set of experiments plotted to a larger scale on a eee 
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Fic, 8.—EXAMPLES OF Waren PROFILES, SHOWING CRITICAL DEPTHS. 
single diagram and showing water pow wae 1.5 ft. up stream and down stream BC 
rom the apex (Fig. 9), indicate that while there are coun variations, in ea 
points of critical depth lie on well- defined curves. These curves 
plotted to a greatly distorted scale are shown in Fig. 10. li 
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sail In one series of experiments, where the slope of the | down- stream apron was 


1 in 25.5 and that of the u up- stream ay apron, 1 in 40. 3, the points of critical depth 
for all ‘discharges fell on a vertical straight line over the apex. This -eondi- 


tion was not duplicated for any other. combination of slopes. With 1 down- 


_ stream and up-stream slopes, respectively, 1 in 24.8 and 1 in 39. 8, critical 


+ 
oa 


om Crest, in Feet | 
‘ 


depths fe fell in a vertical line, 0.08 ft up stream from the apex. Experiments 
on a much steeper, -down-stream : slope. (1 in 15. 4) indicate that critical depths +0 
lie in a vertical line ft. from when the 
tream slope was about 1 in 28 
H 
01 00 0.1 02 02-01 00 01 


—VARIATION N Lo R AL EPTHS: 
Fic TA’ sI CI OF CRITICAL DEP RRES 


In all cases w here the up-stream apron was given a very flat slope, waves 
srmed on the crest of. the weir. The position of critical depth then became 
riable, depending more or less on the location of the 1 ‘waves. | ‘The condition 


-. an up-stream n slope of 1 1 in 98. .5 is illustrated i in Fig. 11(a). ~The tendency 
of “waves to on the up-stream apron was Tess marked for the smaller 


ai discharges. — There v were slight indications of waves for slopes of about 1 in 50. : 


No waves ete observed when the slope of t the up-stream apron was 1 1 in 40, or 


eg! ‘Calculations were > made to ‘determine the percentage 0 of error that would 


result from compu uting discharges by the formula, =. LD ay substituting 
the measured depth the apex D The results of the computations 


Sie ‘Series Ww AA and W P, in which the critical depths were approximately in 
oe verticals, over the apex and 0.08 ft. up ‘stream from the apex, respectively, are 
Sore: shown i in Table 4 Ih the first case the percentages of error that would result 


from u using the me: measured depth over the apex as the critical de pth, lie between ae 


the limits, — 0. 1% and Te 0.5 per cent. In the second case the corresponding 

percentages range from - — 2. 1 to— 7. These results show clearly the sensi 

tive character of this type of Miructute. 
Effect of Submergence on Head- Discharge Relation.- —One of of the 
_ tages of weirs with broad crests is that the down-stream water surface may b 


at an elevation than the crest of the weir without 
t 
Weirs having this characteristic per 
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| 
INA] | | 
SUBMERGENCE; | 
wes Ree AN Ne, SERIES WF 
ma 
| | EFFECT OF |_| 
SAN || SERIES WJ . 
| 
ra 
tS Of submergence. In 
pair was kept constant. O g 
backed up so as 
on or just below che downstream apron. Since 
— the down-stream end of the apron was only 2 ft. from the outlet of the flume, it a) x . 
pct of a jump farther down stream. 
PON UALCULATED DiscHarGE oF Usine Over 
tituting 
0.9528 | 0.0008] 1.4800 | —0.0077| —0.58 
0.8898 |} —0.0018 | 2.7410 | 0.0198] —0.70 
‘advan- 6.1185 (0.6628 0.0002} 6.1157 | —0.0028 | —0.05 
advan: 8.01238 =| 0.7983 0.0000 8.0128 0.0000 | 
may be WPS 0.6040 | 0.1416 —0.0070| 0.5594 | 0.046] —7.40 
0.2995 0.2906, —0.0089 ri 1.7764 | —0.0831| —4.47__ 
ffecting PS | 8.1982 | 0.4300 0.4183 | —0.0117 8.0678 | —0.1808 | 


all these was that backing up the tail- water caused 


a slightly increased depth | over the apex and a slight i increase in head at the 

Sy gauge. Table 5 ‘gives comparative | discharges for each pair of experi-- 


»Q = Vg g L D3 ,D being the depth over the 7 
“apex. values compared with measured discharges show | that submergence. 


affects the discharge by 0 0.31 to 2. 81 per cent. In all the , experiments the slope 


of the down-stream apron “was approximately 1 in 25, but the s slope of the up- 


apron: varied 1in 7.5 to Lin 30. Fig. 11.) 4 
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4.2224 
5.0850 
| 5.0840 | 0. 
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| 6.9138 | 0.7190 | 0. —0.005 —0.049% 
15 | 6.9842 | 0.7238 | 0.7219 | —0. 6. — 0.028 “Beyond a apron. 

F-14 | 7.0235 | 0.7266 | 0. 343 0892 

Wh | 7.0168 | 0.7261 | 0. 7.0314 | +0.0146 apron. 

THE VARIATION or WEIR Cozrricrent. with Heap AND SLOPE 


“eG ‘= Values of the coefficient, C, in the weir formula, Q = C L H,?, show a wide 


+i 


aire 
10 ft. beyond crest. 


6 ft. beyond crest. 


+i 


wo 


variation for comparatively small changes in ‘discharges and in. slopes of 


aprons. T This variation is quite clearly i in Fig. Tn determining 


4 
— 
WE 8 | 0.9657 | 0.1984 | 0.1896 | —0.0088 | 0.9372 | —0.0285 
WE 0.9688 | 0.1981 | 0.1891 | 0.0040 | 0.9836 | —0.0297 | 
Wd 2 | 1.5558 | 0.2660 0.2621 | 0.0089 1.5217 —0.03841 ge 
WJ- 8 | 1.5465 | 0.2649 | 0.2619 | —0-0080 | 1.5200 | —0.0265 
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‘2.2078 | 0.8859 | 0.3329 | —0.0080 | 2.1780 | —0.0298 | 
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| 0.4612 | 0.4000 70-0088 | 3.5944 | +0.0436 | 
7 | 4.0195 | 0.5009 | 0.5014 | +0.0005 | 4.0244 | +0.0049 
8 | 8.9820 | 0.4978 | 0.5035 | +0.0057 | 4.0511 | +-0.0691 | 
W A- 4 | 3.9266 | 0.4931 | 0.5480 | +0.0549 | 4.6000 
4 WA~ 5 | 4.0102 | 0.5001 | 0.5607 | +0.0606 | 4.7613 
aw WB- 4 | 4.1699 | 0.5134 | 0.5422 | +0.0288 | 4.5263 28 
0.5160 | 0.5492 | +0.0882 | 4.6150 | ++0.4129 
| 0.5151 | —0.0078 | 4.1550 | —0.0881 | 99 
5177 | 0.5189 | —0.0048 | 4.1763 | —0.0461 spron, 
5821 | 0.5771 | —0.0050 | 4.9713. | —0.0637 
W 5820. | 0.5831 | +0.0011 | 5.0475 | +0.0185 1.54 
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— i 5999 | 0-6018 | +0-0019 | 5.2938 | +-0.0248 
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W F-10 0.6241 | 0.6339 | +0.0091 | 5.7229 | +0.1329 | +9§.38'5 
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wa by Mr. 


ments was made with ¢ the weir in this seri iter 
it. had been cleaned The quantity of flow was obtained by weighing as 


described in the paper. The results of these experiments (Table 6) show 
verage discrepancies with Mr. Woodburn’ 8 formula before and after cleaning, 
‘ of 0.44 and 0. 33%, respectively. In v view of this close agreement Mr. Wood e 


or 


burn’s formula was accepted as being substantially sist 


TABLE -6.—EFFEcT OF Derosirs ¢ ON or V- Noron Wein, 4073 


ead on V-noteh Discharge computed by ‘Percentage Parcs 
eir, in feet. by weighing. formula, Q = 2.505 H-: in error. 
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‘connected « aprons s sloping u 


1—It i is ‘possible, with p proper : slopes of the aprons, to cause the points 
«sof eritical depth to lie in a vertical straight line. The position of 
t woes this vertical is sensitive to slight changes in the two slopes. 
Further study will be required to determine whether a form of 
weir crest can be will assure a fixe: fixed position for 

2—-Backing up the tail-water in ‘sufficient to cause the 
ek hydraulic jump to occur upon the apron increases the _—— val 


3. —Values of the coefficient, C, in the weir formula, Q = OL are very 
to changes i in the slopes of the | aprons. my 
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IN GRAVITY DAMS BY PRINCIPLE 
B: F. J AKOBSEN,* Am. Soo. 


In order to ‘stresse: in “gravity dams, i it has been’ m 

to assume a Tinear stress distribution on horizontal planes. of in examination 
English tests on dams shows a non-linear stress distribution. 


ul investigation, in which the Principle of Least Work was § substituted 


eae : for the usual assumption of a linear stress distribution, leads to a stress curve — “a 


TY, milar to that found i in the ‘English 1 tests. 9: 
ey The bending stresses, that is, the vertical normal aieetth due to the water 


a - load, found by the usual method, a are equal at the ‘up-stream and down- -stream 


face and a lower stress | at the 
(‘The maximum stress is found to be less than by the usual method, but 
this is of no particular advantage, since » the compressive stress in the up- stream ae 
face with reservoir full should exceed a definite gua and this will g gener 


ally be the determining factor i in the design. 
tet The writer believes that the stress pete based on mn the Principle of — Pa 


ris Laos Work will more nearly approach the true load stresses than the results — 


omy 


| 


‘The section of the straight gravity to is triangular with 


a vertical up-stream face. It is assumed, that the concrete is homogeneous 


isotropic in every re respect, lets is, that each t unit of volume weighs exactly 
as any. 


as any other; general 
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ae | 8 the same for compression as for tension and is the same at a points o the — 
it 1s also assumed tha ere is no uplift and no residual stress. 
“Tt is also assumed thet there ia no uplift and no residuel sires. The 
ate Written discussion on this paper will be closed in January, 1931, Proceedings. 
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hes Evidently none of these assumptions is rigorously true. § Some of them, : as” 
for example, those regarding uplift and residual stress, may be so far wrong 


that for purposes of engineering design they must be separately | considered — 
; in order to obtain the a actual stresses. 7 - Foppl has shown 4 * that the load stresses as, 
independent of the residual stresses, when the usual assumptions are made. 
Regarding plastic deformations (time effect), the tests made by R. E. Davis, — 

M. Am. ‘Soc. Cc. indicatet that these increase linearly with the stress and 

therefore are not likely to ‘influence stress distribution. They be 


into ace assuming a lower modulus of oT 
—Usvat 
tyand Ny and normal stresses at any point; 
shear or tangential stress in the same point; 


Hi = weight: of concrete, in pounds per cubic foot; 
= weight of 1 cu. ft. of water, in SRE epee 


VY = weight, in pounds, of a 1-ft. thick slice of dam, y ft. high; , 
base width, in feet, y ft. below the crest; wt 
angle at between up-stream and down- stream faces; and, 
Lug 


tL - moment, in foot- pounds, about a point on the Y-axis, y ft. a 


thon 


i? 


_ Referring to Fig. 2, take tension as ‘positive and | the sign for shear such» 
that | on the plane. on which the po positive direction of a ‘normal stress is in the 
positive: direction of. the axis to which it is parallel, the positive e direction 


. a will also be i in the positive direction of the ) axis to which it is ane: | > 

thus, the horizontal shear in a gravity dam will have the negative sign. a 

ae It is assumed that there are no stresses acting at right angles to the section, 

that is, normal to ‘the plane of the paper in ‘Fig. Ae The only stresses which 
2 


be considered are Ny, Nz, and ‘This implies, that. the vertical Timiting 


» 

* Toe * “Drang und Zwang,” ‘Vol. 2, Article 91 (1920 Edition). 


t Proceedings, Am. Soc. ©. E., May, 1928, Pt. 3, Table 28, p. 213. 
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, which checks, inasmuch the influence of. 
must be excluded. The beading. vertical gives 


etc., are the partial ‘differential coefiicients 


3), it must be 


ki 


ve 


pine st owt 9a} 


tan for transverse loading, 


w on the 


usually written 


ditions are, at the up-stream face, t = 0 and n =—gy 


— 
| 
entire section. The equilibrium equations for anv small particle du dx dz 
ina point (y, x), are 
| 
_ 
— 
— 
(Seo 


“é t tan @ = n, tan? 


triang “must be i in weight of the triangle is not 


involved, since this is infinitely small compared to the forces. — rayon 
Ra These ‘conditions, that is, Equations (8) to (7), inclusive, and the stress ress 
relations at the up-stream and down- stream faces, do not suffice to determine 


3 


the two remaining g stresses are found from (6) 
results, i in units of pounds per square foot, 


These are linear equations found when the classical assumption, 
ee. 3 that is, Equation (10), is made. In textbooks the vertical stress is generally 


Bo given only for the up-stream eo down-stream faces, that i is, for = 0 and 


£= b, these being the two most important values.* * + For the purpose in hand, 
he stresses are expressed as functions of the co- -ordinates, y and x. ana 

he usual aa a that Ny is a linear function of z, is equivalent to 


is constant and that the shear d deformation is neglected. ‘Vogt, Assoc. 
Am. Soe. C. E., has shown + that the bending moment produces : an -shaped 


ade at the | | 
ae 4 Creek Test Dam ‘show : a remarkably close : agreement ‘between the actual dis- Fes 


placements o: of the foundation and those computed from m Dr. formulas. 


curving» of the foundation; therefore, the classical assumption is incorrect, 
ae at least for sections near the foundation. , The tests made at the Stevenson 


See “Notes on Arched Gravity Dams,” Transactions, E., Vol. (1928), 
uation (14), p. 771. Note that for a straight 
ee “Ueber die Berechnung der Fundamentdeformation,” Det | Norske Vid nskaps Akademi, 

Soc. C. E., May, 1928, 
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assumption was probably incorrect n near foundation has 
been accepted for many ‘years by authorities on dam design." 


IV.—Srress DistriBuTion THE PRINCIPLE or Least Work 


This: principle was first applied to engineering structures by -Castigliano 


in his workt+ published in 1879. ‘It was introduced into American technical 
literature | by William Cain, M. Am. Soc. Cc. E,, i in a paper entitled “Deter- 
mination of the | Stresses in Elastic Systems by the Method of Least Work} e 


and it was applied by him 1 to obtain a correct and id elegant solution of ie 


problem of stresses in arches of dams i in his well: ‘Anown paper, “The Circular — 
Gk 


169 + bag 
- The writer has shown|| that 1 the arch stresses lean from the tests on the 


ae 


Stevenson Creek Dems agree ‘remarkably well with the Cain formulas, when 
7 deformations and displacements of the abutments a are included in 


in the manner Vogt. (See. Article These 


,an experimer 


the is as will make the internal work the least 
a possible.{ It is clear that this assumption is less restrictive than the ddiisoal. 
"assumption a and includes the latter as a specific case. » for example, the 
shear stress, ¢, and ' 1 the | horizontal normal stress, ‘Mg, are assumed as negligible, ; 


Aly 


the principle of least work requires that the stress, Ny, must be Tinear. 


is the shear modulus and is Poisson’s 


The is defined by, 


Instead of the simple Equation 10) for condition that 


oi 
i ay must be a a minimum is now ‘introduced. This is a problem in \ variational 
Bi). * Professor Cain calls attention to this in the opening sentence of his paper, “Stresses ‘ 
n Masonry Dams,” ’ Transactions, Am. Soc. C. E., Vol. LXIV (1909), p. 208; and Professor — 
Résal, in his paper, “Formes et Dimensions des grands barrages en magonnerie” in Annales 
des Ponts et Chaussées, II, 1919, deals at some length with this subject. ey ce 
nay’ 7 “Théorie de l’equilibre des systémes élastiques”” ; this book is out of print, but there i 
Transactions, Am. Soc. C. E., Vol. XXIV (1891), p. 265 


§ Loc. cit., _ Vol. (1922), p. 233. 

| Proceedings, Am, Soc. c. E., May, 1929, Papers and Discussions, p. 1241. “ad mt 

See Foppl, “Drang und Zwang,” Vol. I, 1924, Paragraphs 14, and 55. 


E., April, 1980, Papers 887. 


ry 
| &§ 
mn the 
is not | 4 
stress 
rmine 
d | | : 
q 
; 
ations 
..(11) 4 
q 
|g 

in which, £ is Young’s modulus of elasticity. Equation (14) implies that the — pag - 
pi modulus of elasticity is constant and the same for tension as for compression, _ ‘a 
al diss — 
nuas.t 


18 of The procedure i is as follows: 
The stress, assumed with more constants than needed to satisfy 
Equations (3) (4); the equilibrium equations, (6) and (7 ), serve to 


% determine Np @ and ¢ as functions of y and x and of the: constants in the equation 


for Ny The condition that at Equation (14) must be : a minimum then serves to 
determine the free constants in the equation for. Ny 


which, A, a are four constants, any two of whieh’ for example, 


3) and (4), by c carrying out the simple integrations indicated . There results, _ : 


a: The two independent constants, C and J F, must now be determined ‘80 o that 


the internal work is a minimum, hry 
(18) 
‘eit simplify “the alculations to differentiate under sign, 


y x +n, aa). 
@ C 4. 
is the total height of the ‘section considered. 
m aF pte = q pin 
(n 42 at = 


y and 2, and of the constants, A, B, C, and F. Differentiating Equation ple 
y and introducing the result into Equation 
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E., Vol. LXXXVII (1924), p. 325. The writer used eel 


ethod to determine the stresses in the buttress of a multiple- dam. 
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) toward y and 


Integrating tow x, remembering that the > constant of integration, fy), 3 is” 
a function of but: not of 2, and that for = = 0, nz = or f(y) = 94, 
iv 
stream face; that i is, = r= = k Ny ,, and 


introducing the values and n,, (15), (21), 


(22), into ) Equations (8) and (9), os eliminating the two constants, A and ‘iB, a 


ep penny of Equations (16) and (17), the desired check is obtained. Dae 
_ tions (15), (21), and (22) for the stresses, ny, t, and 1 Ng; », therefore, satisfy the 
statical requirements (Equations (3) and (4), the equilibrium equations s (6) 


“and Ch: the boundary conditions at the up- -stream face (that is, ,t= 
y), and also the boundary conditions at ‘the down- stream face 


and This means that, Equations | (15), (21), and (22) 
values, 


= 


Dearing in mind that the constants, B,a are  funitions of C and Fa as 
by Equations (16) and (17), so that, 
= == i 


x 


| mi 
— 
inction. 
face), =O, 
satisfy 
| 
rve to 
uation 
ample, 7 
4 
. (16) 
71Q\4 
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sign, 
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phon 
(20) 
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= 0 to x =b= = k y, and arranging, the final Equations (25) and (26) | are 
btained. ‘The are somewhat extensive, but involve nothing but 
wultiplications integrations | of simple algebraic expressions. ‘Equation 4 


y { 
= 4 
26 G m m+ 
. 


k + — kt © WH 
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bul 
a ay! 20 m+i1 


"These two equations, combined with Equations: (16) and (17), s uffice to. 


determine the four constants, A, B, ‘ana F. It is apparent that the valies 


ee the constants are independent of the height, H, of the dam, since in yo 
tions (25) and (26) the expressions in the square brackets must be ‘zero. 


__ An examination of these equations shows, that if the shear stress, t, ‘o-_ 


the e horizontal stress, are both equal: to zero, Equations (25) and 


- Both these equations cannot be correct, , except when GO = F=0. Then A a 


ow take on the values given in Equations a and (12) and all the stresses are 


V.—Srress Distrisution— NuMERICAL EXAMPLE 


ale 645, g = 62. 5, andm = 7 Let the we eight of the concrete be chosen — 


that the stress” in face is. zero for reservoir full, when the 


‘must Equation (ry, = = or == 150. 28 lb. per cu. ft.* 
“= 0.069837 + 0.05867 


— 239.92 — 0.645 


‘Substituting these ‘values in Equations (19) (20), integrating from 


(25) has been divided and (26) by . The fi final results, are, 


— 


— 
— 
— 
a 
> 
2 
— | 
Least W 
= 
“a Ay 
— 


ba spat 8.2013 ard 8.2909 F — 25.926 A — 1.9907 B = 5 190. 
12.568 13.011 38.889 ‘A — 3.0714 B = 7785.5 26a) 


fe The solution of these four equations gives the values of the coma 


when: the stresses are expressed in pounds per square foot. 
values by 144, there results, A’ = = 0.3765 ; BY = 6.777; 


263. The stresses are in pounds per square inch, 
gl 


= 0.648), 100 


21.161 


a horizontal section, 100, ft. below. the crest t (y = 100 ) ft.), and with 


"reservoir full, the st stresses are as} given in Table 1. At the down- stream face, 


$ Ne = this a ets as a a check 0 on ‘the 


= % The stresses are » plotted to scale in Fig. 4. On the assumption of a linear 


stress distribution, Equations” (11) ¢ and when divided 144, 
"= 0 and B’ = — 
1.6175 = —1. 0438 2 an 


or 


are, 
| 
ia 
a 
Be 
ae 
ad 4 
ang 
ition 
ults, 
— Ny = — 104.83; ¢ = — 67.291; and n, = 


A 

Bs: new stress distribution, there is considerable tension in ye up-stream fai a 
the angle between the ny-stress and the horizontal decreases as x ‘increases, 


- while the usual method gives zero stress at the up- -stream face and a constant 


angle. F urthermore, the tension in the ‘up- -stream face increases directly 
heck on the calculations, from Equation (3), 
64.5 and y = 100. This gives 484 791 Ib., while 0.5 wk y? gives 
484 4 497 ib., an ‘error of aliout 6 in 10 000. Equations (4) and (5) were likew _ 


found to check closely. ‘The stresses at the down-stream face are related, 


as shown by Equations (8) and (9) . Since Ny 80. 809, ‘should 
= 59. 122, and Ng should be — 33. 619, whereas i in Table 1, ¢ = — - 52. 119 and 
- 33. 616. Also, from Table 1, Ny 2716 and P= = 716. 


thing 


in foot- is, from Equation (14), 


In order to obtain, internal work, Simpson’ ‘The 


(h o + 4h, + + he, 45) |- 


he, ete., the ordinates, for 0, 10, 20, as 


; 


ia 


of 4 G in the denominator, there is now 2 


eae The internal work, when the usual assumption is maintained, was found by 
integeation. It was. My 1.6175 x; ne = — 0.43403 y; and 0433 


Gs 03 1.0433? «2 
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When the calculations are carried out, as indicated, and the integrations 


toward z and y, are omitted, the results given in Table 3 are obtained. The 
difference between the two theories amounts to 564 480, or =" 3.26 26 per cent. 


TABLE OF Worx BY ‘Usvan AN! 
INTERNA x G FOR A b, dz, 


By usual 


Phere was some doubt in tie writer s mind regarding the accuracy of the 


depending upon (ny) 2 because this becomes zero between = and 
ee = 10,, Applying Simpson’s rule to the first three values of My 


Tf the is assumed as the energy by the first three 


/1 417.5 1 43. 4900 

{ 48 mt 


00 


3 2 ‘equivalent + to about 40% of ere’ 

between ‘he total energy | of the usual and the proposed theory. 
value, therefore, was s determined by integration for y = 


65 y — 5.177 + 9.504 - 


Th gives 8 87 5 000, yack is 16 000, or 0. 18%, ess than is found by Simpson’s 
The internal work by, the new theory i is, , therefore, ew less than that 


tothe Work. 
4 —42.50 | 1806.8 | —86.17 690.6 — 87.28 | 7618. 
—8:44 1477.6 | —47.84 | —116-01 | 13458 = 
2 
kewise 
elated, ff 
agg 
uld be ‘ 
=(30) 
nin 
to 
o | 
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vee 
4 


fin; 


inside ‘the square bracket. in n Equations (14) end | (20) then to 


, 
— 0.02632 — 0.02186 + 0.2876 Ai oy. 


“TABLE 4.—Srresses in No-Upuirt Szorion (k = 0.645), 100 
cakes D (Stresses, i in pounds p per square inch. 


ba 4 0. 
= 979 


2.6930 

nad ‘For y = 100 and b = 64. 5 the values are given in . Table 4 and the shear 


stress | is in Fig. 5. The value of 1 My checks Equation (3) and ¢ 


ere 


nd give y= = 100 = — wandB - 
: 7 a, which, for « = 0 and ¢ = 64.5, gives — 


With the usual as assumption, the fora: a full reservdir mi may be obtained 


ae superimposing the stresses produced by the water on those obtained when — 


reservoir is empty. stresses for g 0 and 150.23 have been 


determined in Article VIL if, now, = 0 and g = 62. 5 are introduced into” 


ow when the stresses are expressed in pounds per square inch, 


A344 y — 7.6016 10.169 — 5.8380 —>.......(35) 


equations determining the constants, A, B, C, and F, there is obtained, 


— iw 
— 
| 
and (26), g is put equal to zero, there 
— 8, pot py 144, x 
— 
| 
7 q 
— 
practically a straight line, the same as that found by the usual 
| j. was to be expected, because the shear stresses are small: Tt i. 
— 
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ANTAL y 1572 x 10.098. — — 2628 — (36) 
This nearly the same, was found directly Article V (see 


1 )). The writer has checked his calculations carefully and found no error. 


Since # is assumed constant, the two results should be equal. The reason 
the discrepancy is doubt to b be je sought in the « circumstance that Equation 
is only aad that it contains only a few terms of 


5.——V ame ATION N Fig 6. IN BE ND- 


and gives the same value at -stream the 


"stream face. In this manner the bending stresses fora a triangular section are = 


the s same as for a | rectangular one, This does not seem plausible, and the 


=>y= 


TABLE 5.—Benpina IN Sroriow (k = = 645), 1 100 


Bretow Orest (y = = = 100) ; Reservor anp WeicHT or Dam 


(Stresses, i in pounds per square inch. ft 


76.99 
bending | stress” fiend! the Principle of Least Work is listed 
able 5 and both curves are e shown i in Fig. 6. The distribution of the bending 


‘stress cotld readily be tested, since it does not involve w. 


vs “Notes on Arched Gravity Dams,” Transactions, Am. Soc. C. E., Vol. 92 (1928), p. 766 
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STRESSES IN GRAVITY DAMS 


IX—Tue Section or Maurice Lévy 


‘lated by the usual pny the « compression in n the uj up- -stream ‘inn with reservoir 


ar full should be equal to, or greater r than, the hydro- static pressure of the water.* : : 


ssume g = 62.5, and k = 0. 844, then from Equation (18), for 2 = | m .(tr 


0.844 

24 Ib. per cu. Carrying out the calculations for the constants, 


4 2, — 1.62 243° 


are shown in Table 6 for 
they were checked by planimeter to see that they conform to 


t- 


a (Stresses, s, in pounds per square inch.) pou 


877 


—33 .688 ic 


ps. t the up-stream he, for 

) ft., are 43.408 ‘and t=0, and at the down- stream face, 


— 60. 930 ‘51. 428. The proposed theory gives compression 
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23 Rendus, 


september, 1 1930.) 
face, which is ‘materially s smaller than tha found 


that the maximum stress occurs at the down- -stream_ face is,  Smax. = = 

_ An inspection | of 7 Table 1 shows that the same is at least _ approximately true 


7 

the section there investigated. T able 6 shows that it does not hold’ for 
the Maurice Lévy | section. - The principal stresses for this section are given 


in Table 7. _ The maximum stress is 87 4, while on the the usual emgion it is 
== 104. 33 Ib. . per sq. sce a check, n, + n, hese 


| 


wa 


¥ 


—87.3 

88.00 


At the up-stream_ face, s, is and the down-stream face, s, is 


parallel the face of the dam. The angle: the vertica al 


engineering literature too has been placed on the neces- 


Ena of limiting the maximum stress and too little on the importance of not 


pire * Transactions, Am. Soc. C. E., Vol. LXXXVII (1924), p. 294. A more comprehensive 
_ explanation is given by Professor Cain in his paper, “Stresses in Masonry Dams,” Trans- hs 
treet Am, Soc. C. E., Vol. LXIV (1909), Appendix, p. 220. In Fig. 5 of that paper, the 


- direction of the great ci t is shown for a number o points of a horizontal 


4% 
if 
....(37) 
Fig. 7; 
ions (3) 
a 
cc 
‘Shek 
= ‘This gives 40° 10’, for a2 = 844 ft, which che 0.844, 


designing with low a value of the least nie stress at at the 1 -stream 


face, or rather that stress which | is parallel to the - -stream face + > and which 


before,* but it needs to be: insisted upon, n, quite irrespective of or 
the proposed stress distribution i is 3 the correct one. - The eens in the up- -stream | 


with reservoir full, is obtained by subtracting one stress from another, 


when the residual stresses are also considered, they ‘should be. 
has called attention to this point. 


as | 


result will always be ‘subject to considerable uncertainty, especially 


dam due to excessive maximum stress, but a have failed because they 
ow were designed with too 1] little compression | in the up- -stream | face, which, by 


‘uplift o1 or other action, resulted intensiont 


Lhe 


There is considerable variation. between the of m for given 


by various in investigators, and it is admittedly most difficult 1 to obtain reliable 
: values. It n may - also be that m varies, 2 as does ‘the modulus of elasticity, with 


eer _ the water-cement ratio, the aggregates, the age of the concrete, and the length | 


of time during which t the load is applied. 


-. ts Consider again the 1e section, k = 0.645, for which the stresses were dete 


— ned in ‘Article’ V on the assumption that m = 8, tok calculate | the co 
stants, A and F, on the assumptions ‘that m = @ and m = 2. ‘The 


latter value i is to rubber; the English tests, to a more 


before, and are given 8 and 9 9. 


TABLE 8.—VAuueE OF FOR ALUES m. 
= 0.645; g = 62.5; and w = 


“to 

9958 


for hen m = C and F are independent of Ww, ‘the we veight the 
concrete, and ‘the constant, does not enter into Equations 5) and (26). 


value of w det etermines t the ‘slope, B, A,, which 
is the stress at the up-stream face. : 


* Transactions, Am. Soc. C. E., Vol. 89 (1926), 


D. 
Loe. cit., Vol. 92 (1928), p. 796. 
yg: Repert. of Committee of the Board of Direction — on Bssential Facts Concerning the 
Failure of the St. Francis Dam, Proceedings, a Soc. C. E., January, 1930 ¢ 
and April, 1930, p. 827. 
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_ STRESSES IN GRAVITY DAMS 


_ TABLE 9. OF n, FOR V. ARIOUS VALUES OF m. , 


= 100 | 0.645; stresses, in pounds per. square in 


| 


9. 


of ‘in ‘one set of tests and vertically in 
It was claimed that at these tests indicated the presence of considerable tension 
“across vertical planes near the down-stream toe. In order to throw ‘itiaa | 
Tight « on this important subject, some additional tests Ww ere made.t 


nm One set of tests was made with a model of plasticine, a kind of modeling 


clay. » An inspection shows that the results near the up-stream face are too” 


“erratic to permit of any conclusions: being drawn. The curving ig of the n, n,-stress 


seems established and also the unlikelihood of. ‘tension, the toe. The 


_ model was constructed so that the resultant fell in the. down- stream middle- 
third” point when the reservoir was full. Another set of tests ‘was ‘mad 


ing vertically downward, | and ‘the water loading was imitated by weights 


a 


acting horizontally. it is not quite clear what ‘the corresponding water 


mat 


ption 0 of linear stress, although, a stated | in the 


sions, 


where the the “Moreover, all the _tests 


“Fig. 8 (which i is Fig. 11 i in the original paper) shows the strains as measured, » 


and Fig. 9 (which is Fig. 19 in the original paper) shows plainly the curving | 
the ny -stress” for the nearly triangular ‘section, C.- shows no tension, 
except at the hee The curves at. Elevations 3 4-4 show the eurvir 


in the. opposite direction, to those at Elevations 5-5 and 6-6. 


&§ oe More details than given are necessary to ¢ estimate the reliability of ‘in “a 


_ “results, The tests are not wholly satisfactory on account of the possibility 


*“On Some Disregarded Points in the Stability of Masonry Dams,” Drapers’ Company Al 


Researoh Lond., 1804; abstract in Minutes Proceedings, Inst. C. E., Vol. CLXII, 


456, 


“Experimental. Investigations of the Masonry Dams Subjected to Water 
ressure,” by Sir John W. Ottley and A. W. Brightmore and by J. S. Wilson and William — 


Gore, excerpt from Minutes of Proceedings, Inst. C. E., Vol. CLXXII, Session 1907-08, 


Pt, II, Lond., 1908. 


~ the eur curving of the n,-stress curves, as found by the ] Principle of Least a es 
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models. The weight | of the dam w as imereased by attaching weights act- 


8 a n gravity dam models were made by Mr. L. W. Atcherly and ae ; 
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strains, here attached, and the 1 uncer- 
tainty as to the elastic behavior of the rubber, the time effect, ete. There 


need of carefully made tests on models, which would represent a high 


dam. The foundation should be deep, the method of 


For some years the writer has doubted the correctness of the assumption 
ofa linear stress distribution and has suggested that some caution might be pol 


- justified. * He has called attention to the fact that ee sections are not : 


of a distribution on horizontal sections is. a conservative 
assumption when dealing with multiple-arch dams.t ‘This question was. ‘also 
"discussed by Professor Onin‘ and had been discussed by Résal in his paper 
3 which reference has already been § given. . The writer found, as did Résal, 

that for gravity dams the usual horizontal sections gave practically the 


same result as normal sections, when the usual assumption of ie stress — ore 


The writer has used the Principle of Virtual Velocities to 
stress distribution in thick arches of dams|| and Professor Cain showed that 


obtainable by the Principle of Least Work. After Dr. 


x 


Vogt’s in connection with the deformation of the foundations** 


_ become known to the writer, he made an attempt to determine the stress, a ‘a 


that ‘the assumption of stress distribution i in gravity dams 
probably incorrect, entirely aside from the effect. of internal stresses. it. was” 


_ believed,t+ that if the assumption wa as in error, this would be likely to be 


aggravated i in very high dams. | The result of the investigation set forth in basal 


paper: seems to Justify this apprehension. bitty 


© the proposed theory had given values for the stresses, wick were less 


conservative than those by the usual theory, the new theory should be 


it is, the new new theory gis which : are less advantageous, dame 


&g designed by the usual method may not be safe when tested by the proposed ee, 


theory. It will also be recognized, that the Principle of Least. Work is more 


than the arbitrary assumption that My: is linear. Teste only 


determine which theory is the correct one. 


* Transactions, Am. Soc. C. E., Vol. 91 (1927), p. 253. 
t Loe, cit., Vol. LXXXVII (1924), p. 300, Table 1, 


Loe. eit., Vol. 90 (June, 1927), p. 475. etd bas bollide s ton 


Rept. by the writer to the Colorado ‘River Comm. Arizona, ‘gent to Colors 


Board of Engrs. (care, U. S. Reclamation 1928. 
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Due to the fact tha e abutments were not radial, was evident, that the 
‘te! — 
4 
—\ 
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The approximation, limited by the equation 

for Ny » Which two free constants. If a more complicated equation 4 


is assumed for Ny, one e having more free constants, a greater degree ¢ of approxi a 
mation should be attained. would involve much more 


= 01 in (15), a solution is obtained with only 
0.296; 4.37; and 0’ = 427; 


that ‘the 
ue stress distribution is not far that when usin 


vo free constants. (See, remarks relative to Equation (36) in Article 


TABLE 10. Free Constant 


although only o one free constant was used i in the expression 


The thus far : agrees with ‘Ge: 
Me in this paper when the radius becomes infinitely large, but it involves ealcu- ; 
lations with infinite series, which g greatly augment the labor. difficulty 


may be inherent in the problem, but it may also be that an expression can 
selected for My which will avoid these difficulties. If the theory proves 


_ valid by tests on gravity dams the question arises as to how the stress distribu- i 
ion in multiple- arch dams is affected, when the principle for 


the assumption of linear stress across normal : sections. 


ae few historical remarks may be of ‘interest. In 1747, Maupertuis, Presi- 
oye dent of the Berlin Academy under Frederick the Great, enunciated a prin- 


J 


ciple, which he called principe ‘de la moindre quantité d'action”. His 
per was in three parts, the first being, “an examination of the proofs of the 


existence of God”, which according to ‘the second part must be sought. in 
ne which 

nently accorded with the wisdom of the Creator and aati it to the. equi 


librium conditions of the lever and to the motion of light. Maupertuis v 
nota skilled mathematician and his exposition was confused and obscure.+ 


“The ‘Least: ‘Acti tion, “bg Philip» Jourdain, ‘The Court Pub. Co. 


+ “The ” by Dr. ‘Ernst Mach, late Professor at the ‘Universi 
> 4 
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free constant. The 
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er has made an attempt to apply 
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2 fach suggests* that the principle would soon have been forgotten, had 
ne Euler taken up the suggestion, ‘magnanimously leaving Maupertuis the glory — 
the: invention, and converted it into something serviceable. The e theological 
point of view was retained by Euler who declared d that since the universe 
is the handiwork of an All-Wise Maker, nothing can be met with in which 
"some maximal or minimal property is not displayed. | _ These were the studies 
- which culminated in Euler’s work in the calculus of variations and with the - 


isoperimetrical problems; for the solution of these is still 


‘That Nature performs 3 in such a manner as to the least expenditure 
is an assumption which appeals strongly to the intuition; but, 


whether oF not it applies i a case, 6 how it! is is to be interpreted, onl 


the 


—— 


to o in Article XII, ‘Sir John W. Ottley and Mr. A. Brightmore derived 
a str stress distribution} \ which at the heel i is zero (the same as found by the linear 


= distribution) and at the toe is about 80% of the linear stress. Calling 


We the stress at the toe for linear distribution, 100%, the stress ‘distribution i is sas 3 


given in 11 and as plotted i in Fig. 10. SHOR RODE. 


TABLE Founp FrRoM TESTS ON Monet, 


in. 


TERMS OF PERCENTAGE | OF Stress AT Tor. 


3 


Whee 


ee “The Science of Mechanics,’’ by Dr. Ernst Mach, late Professor at the University of to 

ienna, Open Court Pub. Co. (1919), pp. 364 and 454.0 ess ee 5, 
“Advanced Calculus,” ‘William F. Osgood, Macmillan Co. (1925), Chapter XVII. 

{Minutes of Proceedings, Inst. E., Vol. CLXXII (Session 1907-08), Pt. II, Lond., 
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cor onstants ald be determined so as to give a curve similar to Fig. 20; 


| 


i 


‘pea 


Values of 


Of 


| Fie. 10.—CoMPARISON OF TEST AND EQUATION (15a), FoR F = — 0.02. 


Let ny = an be the Tinear stress distribution. From Equation (15), 


 yisa constant, fy = =AtBz Cc F Since, for. ‘ny is zero, 


Equations (3) and (4), 


4 


For ‘down-stream toe, b= 10 ¢ (Fig. 10), results, C= 


| 
= 30 a; 80 ‘that for = g, and, pis) 
whe ty = (80 2 — 19 2? + 


= 0. F= = 0, then C = and n, = n F 0, 

in which ny and n'y are equal are found from, 30 — 12. x 


= 3.55 and 8.45, cs Giaeie's what F is. If Fi is less than zero, , the result- P| 


ing ‘curve is similar to the one found in the English tests. _ If, Fi is greater than 2 
zero, the curve is reversed with respect to the straight line, ny, that ‘is, = 


part nearest to the up- “stream face lies above 


Equation (15a), for ty could be determined by the method of least 


quares, ‘so as” to the test curve in . the best regen: manner, but a quite 
close obtained by assuming that i 


y arises whether Equation — | can Fepresent | 
— 
— 
‘ 
— 
ibe: 
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‘4 
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TABLS 12.—Va 


8.4 


An _Airy’s stress | function, F, may be determined 1 to satisfy the linear 

stresses given by Equation (13). This stress function is defined by:  ecaalaie 


in Ny, and are by This gives, 


equations, (6) and (7), the statical Equations (3) and (4), 
the e boundary conditions, which lead | to Equation (13) for the stresses. 
According to Féppl, the compatibility equations, , which the 


“tical continuity of the structure, are satisfied when : * 
Fd 14 F 
_ Equation (41) satisfies this condition. Equation (42) 


(27) does not satisfy Equation ( (43) 5 and, “according to Féppl, 


boni 


The plane stress distribution considered i in this assumes 


a il tey = ter = 0 (Fig. 11). The quantity, Nz, is the normal stress acting be 


to the Z-axis and te, are the stresses in the 


“Drang und Zwang,” 
t Loe. cit., 


ples are values of 
the 
ES OF nyFoRA = OanpnF=—0.02, 

— 

mit 
ay 
since — 
ZETO, 

ion, F, may also 

and 
15a) 
| 
uite § 
— 


as ABO, in in the X- Y plane of Fig. 11, is transformed into a 
the load stresses, ‘Ny Nes and t. Consequently, t, and = “are zero only.i in 
ry surfaces, such as ABC and in the middle plane (on account of 
symmetry) ; and Ne, in general at least, is zero only in the boundary surfaces, 
ABC and ABC, of Fig. A stress condition, therefore, i in general, 


%. 


must lead to contradictions if the and compatibility 
_ tions are used.* None the less Féppl advances the idea that if ‘the exact stress 
— is not Selatinn and if F, is an approximate function, containing free 


ys 
( 49 d A = Minimum....... 


in which, Ais an element of ‘area: and the constants in F, are to be deter- 
ee: Teknisk Elasticitetslaere,” by A. Ostenfeld, Article 20, p. 105 (1916 Edition) ; see, 
also, Féppl, “Drang und I 129. 
rer 
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mined by the of least “squares. solution, according to Foppl, 

a 

has the same e right to be considered : a valid approximation as the result obtained = 
by the Principle of Least Work. . Equation (45), however, must lead to Equa- 7 7 { 
(41), which i is equivalent to ) Equation (13), and represents a linear stress 
distribution, which does not agree the ‘result obtained | 


it assumes Nez for the entire volume under | 
(n, + n,), , that ‘ity: if n, is just suflicient to prevent ‘displacements 


direetion of the Z-axis, then and t,, are both zero, and while there 
no displacement i in the direction of n,, , this latter, since | it varies ad the load — 
- sree, influences the displacements i in the direction of Ny and n Ne In gen- 
eral, nothing definite is known about the value of Nz in gravity dams. It is 
_" affected by shrinkage, temperature changes, ete., and no doubt varies from m 
point to point ‘and from time to time. 
aes m = @ it t may be assumed , without error, that 01,=t, = tji- 0; 


all the compatibility e equations are satisfied, and Equation (14) is exact. It 
has been shown in Article XI that there is no great difference between the 


stresses obtained for m = 8 and for m =» and the assumption, that m = o> 


Teads to considerable simplification of the admitted that t the 


assumption, = ty = =t, = 0, is not exact, except when m = but it is 


believed that ‘this inaccuracy ey will not materially influence distribu-_ 


tion obtained by the Principle of Least Work, while the use of the compatibility 


’ ‘equations ; in connection with a the equilibrium equations may lead to contradic- 
tions due to the incorrect ‘assumption — 


‘The present investigation does not take account of the irregularities intro- 


duced by the 1e foundation, where t the section is suddenly changed. Whether or 


‘not the stress distribution by the Principle of Work 


decide. ordinary is incorrect at the since as 


_ Dr. Vogt has shown, the foundation does not remain plane when the stresses — 
are : linear. This is is also shown by the English tests | (Article XIn, : which — * 
indicate that the stress distribution obtained by the Principle of Least Work 

may at at least approximate the actual stress s distribution at the foundation. Piet 


* “Drang und Zwang,” Vol. 836 1924 Edition 
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OF ‘LEAST W 


ni By Can ws, M. Am. ‘Soo. 
M. Am. C. E. (by letter). +—In designing straight 
"gravity dams it has been customary to limit the position of the resultant 
of the water pressure and the weight of the dam to the middle third of any a 
horizontal ‘section. | This rule held w hhether the uplift due to water penetrating» 
_ the sections was considered, or otherwise. . Furthermore, for t the given resul-— 


tant, the vertical 1 unit stresses on a horizontal plane were supposed to be com-— 
puted 2 as if the vertical section of the dam was rectangular, on the hypothesis — 


that plane sections remained plane sections after stress. This led to the 
-called “trapezoid law” of variation of. stress, or a uniformly increasing 


‘er esultant cut the corresponding horizontal section at one-third its width from 
¥ the outer toe, the unit stress at the inner toe w as zero and the stress increased — 


coe from the water face to the down- stream face. It followed that, if the — 


fit uniformly from the inner to the outer toe where it was a maximum. There 


geile was consequently tension exerted anywhere on the horizontal section. ty 


it has long been the belief of some engineers that such conclusions | or 


hypotheses were untenable; but it remained. for Mr. J akobsen to prove 
neoretically§ and for English engineers by ‘experiments on n plasticene 2 and 
_India- rubber models of dams|| to establish it experimentally. In the case of 
iz - the plasticene ‘model dam, water was applied to the face of the model ‘through — 
thin rectangular India-rubber bag made to fit the frame. The results (were 
only « qualitative, but were ‘sufficient to indicate ‘the variation, of atress on 


horizontal sections and to realize ‘the fear that tension ‘might at 


discussion (of the paper by B. Jakobsen, Am. Soc. E., published in 
an this number of Proceedings, but not presented at any meeting of the Society), is printed 
x in Proceedings in order that the views expressed may be | brought before all members for 


Prof. Emeritus, Univ. of North Carolina, Chapel Hill, N. te 


3 Received by the Secretary, July 7, 1930. het 
Transactions, Am. Soc. C. E., ‘Vol. LXXXVII (1924), 276. 
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the inner toe and that cracks might be formed at the water wer even vias the 
resultant cut the base at one-third its width from the outer toe. a ad coed 
In the « case of the India- rubber ‘model water was not applied, but its exac exact 
alin alent was substituted in the form of weights, acting through strings over 


r 
- pulleys, the 2 strings being given directions at right angles to the water surfac ce 


where they ¥ were attached to small plates bearing, through thin rubber pads : 
‘ns directly on the model. K was found necessary virtually to increase the density 
— of the rubber by attaching other weights to small pins passed through holes 
the rubber cut through centers of gravity of certain imaginary sections. 
weights were adjusted to correspond with the volume of rubber they 
were made to. represent. was not found that the small holes” appreciably 
af affected | the physical constants of the rubber. Wooden wedges were placed 
vee : at ‘the upper and lower ends of the large foundation portion of the _ < 
kewise 


ow \ 


tra! 


S SSS SSS 
‘The unit stresses at numerous points in the and foundation were 


by usual formulas and are represented | 


4 


win 


where the dam is 
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= and the shear on horizontal planes have all been ‘computed and diagrams 


author has endeavored to find this stress distribution theoretically 


Vis 


we method of least work and he has succeeded remarkably well i in 


ng certain fundamental relations, he assumés that 


“oft the form of Equation (15), 


in which, A, B, C, and F, are constants; and in which, wi antecedent equations, — 
* 4d B can be expressed as functions of C and F, as given by Equations — 
(16)* and (17). * The elastic internal work, is expressed by Equation (14),+ 


as given by which equation is likew ise siven, in another: form, , easily 


to this, by Molitor.t to. | ip 3 mstionk 
uit will be convenient now to refer to Castigliano’ 8 “Systémes: E 


fora fundamental Principle ( (given i in 1, Article for an 


system ot 


of application in the ‘direction of. ‘the force. Similarly, it is proved 
Sie Chapter 1 , Article 12, for. articulated structures and i Lin C Chapter 2, Article 5 
for solids), that t the derivative of the elastic work: of deformation of the struc- bi 


ture: or body | with respect to the moment at a certain section expresses the 


is assumed, in developing these relations, that a al Tinear relation exists 


elastic work of deformation (or the potential be represented 

as a homogeneous | function of the second order of the external forces, and — 
the forces are independent of each other. ~The author’s Equation a4) 
affords an illustration. In fact, is a very structure where 


_ The “method of least work” is easily deduced by aid of these two prin- 


5 ciples. . Thus, consider an ‘axch. “fixed at the ends” > by which i is meant, that 1 there 
(a displacement at the abutment sections and no rotation there, so that 
the sections remain plane after ‘stress ; then, if at the left abutment (say), the 


Ts - § An English translation, with the title, “Elastic Stresses in Structures,” is pub. i. sae 
Seott Greenwood and Son, 8 Broadway, Ludgate, E. C. 4, London, England. 
|| All the fundamental principles of Castigliano’s theory are given by the writer, by aid ter 
of the theory of “virtual velocities,” in “Determination of the Stresses in Elastic Systems a =) 

a _ ithe ‘Mathes of Least Work,” Transactions, Am. Soc. C, E., Vol. XXIV (April, 1891), p. 265. 


tangential component of the reaction is P, the radial or” “shearing component 


— 
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is 8, and the moment is M,; and if L = elastic work o entire i then, 


lisplacement of P 


_ These partial derivatives being equal to zero express the fact that the elastic 
forces after deformation are such as to render the elastic work a minimum. | 


_ ‘Thus i is proved for this « case se (and similarly for other structures) the ‘ ‘Method 


| 

= terms of an 5 eauee number wu new unknowns, the latter | can be found directly 
_ placing the partial derivative of the elastic work with 1 respect to each of | 


hem equal to zero. tS This treatment suggests the following, referring to Mr. 
main problem. Note that from Equations (16) and (17), it is seen 


7 A and B are functions of @ and F. For convenience, the values of . 


‘Mz, and ¢, are grouped together. Thus, in ‘Equation (15), te 


| 


‘ Tf L is the total work of deformation for a 1-ft. ie of dam, el en 
the author’ 8 Equation (14), then Li is a function of ny, Nas t; and 


~_ are functions of ( and F, by the known formula of the differential cal- 
(the derivatives with | respect ti to > hethg partial derivatives), 
L_ aL dn, aL dn, dLat _aLe aL ag 


dn, dC * an, dt d 


dt t 3 
of work for an 


; 


ag | This treatment of the change of unknown quantities is likewise given in “ful in the | 
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If at the bane, of these 


zero, the equation reduces to, 


hese two equations show that the internal welt 5 is a minimum, as py ty 4 


author.* This demonstration assumes the base of the dam 1 unyielding. 


redrik Vogt, ‘Assoc. M. Am. Soc. C. in a very interesting diseussiont 
ee the base, whether the foundation of the dam or the abutment of an 


_ arch, | as “yielding for a certain small distance, below which it is absolutely 


and plane sections remain this is adopted, 


to to the revised position or to a slightly ‘increased size “of yy On 
this supposition ‘the original foundation will no longer remain | plane, but = 


become a slightly Ww arped surface. j 


tecur ring now to the original problem, where the bcs of the dam (or bi 


to be unyielding, the writer is glad to testify to the 


dation) is suppos writ 
plete: scientific accuracy of the author’s analysis, of which he has, ‘me 
{ 


‘Equations: (1) to (28), inclusive. For the stress distribution, for the numer- 


uation (27), 
= 100 are ry in Table 


numerical at the base, y 
‘The author has noted the important fact that the constants, A, B, 6, 2 


3 of the | height, H, of the “since in and 


“80 in the up- stream is the usual 
stress distribution is used, ‘straight lines limiting | the ‘unit stresses 


shown in ‘Fig. 4. § Likewise, Fig. 4 gives the stress distribution as deter-— 


‘mined by the 1 ‘method of least work and it is seen that by this method there . 


is appreciable tension at the up-stream face, and, further, that. ‘the angle s 


pak between the curve of the My stress and the horizontal decreases as © increases. 
” The important fact is the occurrence of tension at the 1 up- -stream face; and it— 

_is evident that the only way to avoid it is to increase the base or the value of ae 


+ Of “Stresses_ in ‘Thick Arches of Dams,” by B. _F. Jakobsen, A 


Am. Soc. C. E., Vol. 90 (June, 1927), p. 554. 
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‘would alter slightly Equations ( 
 (26a),+ and lead to new values of A, B, C, F, and new ; formulas ines ny, t, Ne =i 


place’ of ke and d computing w, assume w = for for the 
mele of 1 cu. ft. of. concrete and compute, k? = 1 


=— = 0. 656; or rie ry= - 100 ft. ,b= = 65.6 ft., thus giving x the base f 


reservoir full for stress zero at the up-stream — hein the usual linear : stress 


distribution - is assumed. ; Now b must be increased to avoid tension at x = 


5 ft., so that b= enc = = 0.708, and the 
e derived from Equations as) 


eile ib. the use of Equations (25) and (26) exactly a a 


author indicates, ‘80 that eventually the formulas for ny, t can 
Ww ritten. If ny ‘at z = 0 should turn out to be either zero OF a small negative | 


_ value (compr ession), the solution may suffice. ie Otherwise, another small « change 

q ind will have to be assumed, and a new formula for Ny ‘must be derived and 

Ba as before. It ‘should not require more than three trials before a satis-_ 


‘J As all the formulas refer to a triangular dam, they are approximate near 


the top when the usual additions to the section are made t there ; but for a high | 


dam, ‘they are ‘sufficiently. accurate for the lower sections. ‘3 They ‘furnish ‘prac-— 


tical formulas for distribution of stress for most straight dams. 
Hitherto, uplift (from water penetrating the base) has b been neglected. It 

the | ‘uplift at the heel is ‘assumed as the greatest possible (= 62.5 y lb. “per 


sq. ft), and as decreasing linearly to zero at the toe, then the total uplift is, ” 


Bier which § is equivalent to the —— of a triangular r mass ss of water acting upwar 


1 its: in length of ‘the triangular dam, its weight less ‘uplift is 


can now be cay verified that, for the triangular dam considered, 


Article VII t Mr. J has devived the results for reservoir empty 


Bi eseng of course, there is no uplift: to consider) by the method of least work, 
and finds a small amount of tension at the toe. _ This would peobanty disappear 
when the base is slightly increased as previously suggested. 
‘Partly as a check, the author has computed the internal by the usual 
the ‘Proposed theories and has subsequently the bending stresses 
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‘same cases, and illustrated the results in Fig. To the 

solution n more complete, the principal stresses have been and the 


_ influence of Poisson’ 8 ratio examined. 


results has been v 
The English “experimentet first 
ad now Mr. Jakobsen — 
© id the v water pressure and ‘the weight ‘of “a > dam should be required to cut he 


base simply at one-third its w width from the outer toe; it must be at a greater — 


resultant should be confined to narrower limits than the middle-third. Tt is is 
diffi difficult problem to find such -“larrower limits, but, least, it has been 
$ shown ‘that the method of least wo can aid in establishing them. 
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“TE OF THE ‘TRRIGATION: DIVISION 


“A NATIONAL RECLAMATION POLIC 


Jou E. ‘Fito, M. Am. Soc. E. a 


M. CE E. (by letter). t—As a member of the Com-- 
mittee, the writer considered the question referred to in 


Section (9), § ‘more 
rom ‘the viewpoint of its effect on the settler than on the market for farm — 


1 


“pro oducts, the competition with existing farms, or or the needs of the Nation for 
farm products. The question of first importance is: 


nds it necessary to give up farming, that is competition, the ‘ ‘survival o t _ 


Can ‘the settler succee 
lt he sueceeds in his enterprise and if, i consequence, other farmer 
finds it ry to giv 
” or the evolution of the industry. 


oy rt 

‘The i inereasing cost of transportation and distribution has tended to revive | 


or sustain agriculture in the ‘more densely populated a areas, ‘and such revival. ae 
| from a National egies eh is more desirable than the reclamation of new and 


4 isolated areas, and will tend to > supply any future deficiency in area cul- 
+ 


_ The evolution in menus, the rapidly increasing area of crops grown un er 
pe and canvas, t 


he artificial stimuli of fertilizers and light rays, ‘the develop- 
ont of better seeds and better methods, all indicate that, even without addi- 
i 


— for a long time tocome 


ig 
This condition, supplemented by the 


and habitation and the lack of demand for lent’ f 


or farping, 


of the Government; but in the 1920- 1930; there has 
Discussion of the report of the of the Division on A Nati National 
eclamation Policy, continued from April, 1930, Proceedings. 
Cons. and Superv. Engr., Denver, Colo. 


PA 


t Received by the Secretary, May 10, 1930. 

Proceedings, 4 Am. Soe. C. 1928, 
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of the Society is nation- wide and as the ‘subject is a “National” ‘reclamation 


“FIELD. ON A RECLA} MATION POLICY 


of people, predominantly commercial and 


on opment will create a demand for land in n that region. This local demand will 
be met with increased cultivable areas or more intensive cultiva ation. re q 
Th South is in strenuous competition v with | the West for new citizens, 
4 more capital, | and “more enterprises. One section of ‘the West is the rival of 
section of the West. The same -is true of the South and the Pacific 
‘Slope. Thus, , reclamation of land is ; primarily a local, 3 not a National, need; 
should, be promoted and financed locally. ~The Federal 
‘ment, in “80 far as the Nation is benefited directly or or indirectly, should aid 
. ‘these enterprises, but any other body, , section, or region benefited should ¢ con- 
es in ‘proportion | to the benefits to be received. 4 This principle is reflected 
in Sections (8)* and ‘(4)* of the report. 
the hurry Many | Governments ‘it eessary to enter 
“upon programs of large public undertakings involving the seeki ng of nee 
territory y and the founding of colonies, ‘on account of the > pressure of 
tion, the necessity for more room, ‘more work, and more rev enue. Often, with: 


out such relief, the durations of g gov vernment and e even nations themselves have, 


they for many years to ‘come. is all but certain, however, that, i time, 


this country will have like conditions - to face and similar. questions: to answer. 
WwW hen that time comes it can be easily imagined that the people will deplore 


the too rapid growth of their country ; they may wonder why the people of the 


_ present: day were so desperately anxious to populate the country, that aliens 


and undesirables were imported; 4 that - Americans had preferred to hand over 
= inheritance to strangers and to deprive their own descendants of oppor- 


tunity. Coming back to the present, one may well ask, “What’s the hurry ?” 

__ Every section has the right: to grow and expand, and to do its utmost to 

its resources. This is a commendable characteristic, but the problem 


is local and not National, and it must be judged by its effect on posterity as 


The explanatory statement} by J. B. Am Soe: E,, 


the ‘National r rather than the local viewpoint. As the membership 


policy the Committee strove to view the question ‘nationally, although of 
Recessity the illustrations, discussions, and citations | given in Committee meet- 


ings were local. _ Nevertheless, they covered ‘quite one-half the area of ‘the 


Throughout the ‘Teport the principle is maintained that the States Io 
- enterprise ‘should be permitted to develop the natural r resources and that the. 


57, 
Py Government should do only those things the States cannot do—such § as the 


gathering of dats. over wide areas and long of time—but the report 


* Proceedings, Am. Soc. 1028, and ns, P- 2099. 
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feasibility” as new enterprises; this is in Sections (10) + and it 


of the report. was agreed that the ‘Government should limit the 
ditures of this and “fulfill: its assumed obligations” only. 


| “should” be expressed, Ki Some of the ‘proposals for the expenditure of the 
$100 000 000 Reclamation 1 Fund were foolish; others. “excessive in cost; and 


many were pr emature. ef) _ One project likely to be built has all these three fault 


financial nd the localities had been required to ‘guarantee 
"repayment, some, at least, of the projects never would have been suggested. 


= the future, localities and States should be ‘required to guarantee, in part ie 


least, the interest and repayment of in accordance with the 


pay? It should be applied in such way as. to discourage inopportune 
construction; to deter r those ¥ who could not or would not pay Q 


reasonable 


terest on ‘the advance ain to them ; to discourage speculate to ba ish 


‘in 
‘the thought ‘that Government funds were free; and to impress on the settlers 


eb In analyzing the differences in attitude of the Government wi of private 


¢ enterprise as applied to the ow wnership of water, the writer believes that attach- 


water are separ ate, and water may be spainsferved and its v ‘use extended t 


i. cover greater area cr This flexibility of use of water accounts in large measur 
narked progress in irrigation and her second of th 


of the water to the land is a mistake. 


was in and where ultimate independence and the hope of 


roviding advantages for his: children ‘were absent. _ The lack of experience 
and sufficient funds “among the settlers was” due, in ‘part at least, ‘to this 


limitation the activities ‘Prospects of the more and able 


the ‘control and ‘the responsibility. 


control of the w: water by, State and Nation would lead to The 
Enabling Acts of States of the West give them the same ‘standing as. the 
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State vs. Federal Control.—In Colorado 
in the 
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trust for those who desire to use ies Except for this ‘condition of trustee, 


ne all: the land within its boundaries is owned by the State and has” the : same 
as lands in private ownership. It is not possible, therefore, for the 


Government to assume the original ownership and ‘control. of the ‘natural 
"resource of water. That the Government has" ealled State ownership 


question is true; but the Western States are on equal footing with the saline 
thirteen States. Can the Government, therefore, claim control and owner- 
hip of the water of New York, Connecticut, pa Pennsylvania? — This is 6 


form of bureaucratic 2 aggression which the _—- thirteen States may con- 


_ The writer does not advocate sielhiidtinibdon, of the rivers. i He believes 
the province of the Government should be limited to investigation and r ae 
- search, tot the gathering of data, and to aiding in the ‘preparation of com- 
rehensive plans” for the 1 ultimate maximum utilization of available water. 
He hesitates to advocate even the construction of large: reservoirs unless it is 


distinctly provided that the control | and distribution of ‘the stored 
_ Temains in the State water officials. 


The writer does not subscribe to Mr. Lippincott’s explanatory statement* 


3 that control of ‘reservoirs should remain in the Federal Government if that 
means control of the water distribution. In Colorado there is an efficient 
organization for the distribution of the waters of the State. ‘This control 


and of necessity will, remain in the State and u under the State 


nly to 
“confusion selina: all canals and reservoirs now built are gaetrt under State 
Even the two Government projects (Uncompahgre and Grand Junc- 
‘doa? receive their water (in accordance with the Reclamation Act) through 
the State water officials. Rather than submit to Federal distribution o “water 
would be better to forego Federal aid. 
Considerable money has been spent in Colorado by the Government on 44 
these two projects. . They are, or rat | least may yet. be, advantageous to the 
State, but when one > remembers the restrictions imposed on enterprises desiring 


with. the fact that Colorado h has gained nothing through Govern 

ment aid; on the other hand, a has been raised as to to her right to 

administer and control the Waters” within own boundaries. Interstate 

The writer to the in Section (2)+ that “the 

servation of the water in the rivers and lakes of the country should Ne ‘under i 
public control,” “only because ‘publie control” means generally State, control. 
it means Federal control only where the States cannot function alone or by © 

compact. This thought is stated i in Section (3), as 8 follows: mn ‘utilization of 

the waters should be undertaken by the States,” 

by the United States and the States.” 

The thought lying back of Sections and as the writer it, i is 
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and how he is to pay it. in “this — in the: 

é past to many of the evils now recognized. kt the ‘obligations are fixed oo 
irrevocable before construction begins the unwise projects would be dropped ; , 

7 speculation largely eliminated; the incompetent "deterred; the experi- 


into enced farmer encouraged to settle. Tt is a species of fraud not. to tell 


s settler the ‘cost of his land and water, and especially is it fraud to ‘tell — 
ie what it will cost at ; the 1 time he enters the contract and then inerease it | it later a 


+ gall 


without his consent. Similarly, itisa deception to obtain public funds under 
promise of repayment and then to pay no interest and to ask for the can- 
-_cellation of part of the indebtedness. ‘The contract, ‘onee | made, should be 
carried out to the letter, just as hee are carried out in the business was 

= world; some losses 3 are > inevitable i in all business and some will be suffered ~ i 

" Federal reclamation, resulting in losses for the Government and bankruptcy 
the one will charge: it to poor judgment | in building 

et and 
a fraud to treat public m money as ‘ ‘easy We 
all Generally speaking, the cost of reclamation i is in ‘eXCess” of what the settler “a 
7 can pay. _ Recognizing this condition the Government, the State, and the Mi 

desiring to build “project should make up the difference under 
_ the assumption th that either the | direct or indirect benefits, immediate or remote, 
justify the necessary The probable benefits to Nation, State, and locality — 
can be determined in advance, and the settler, knowing that the amounts due 


| him must be > paid, will put his n mind and labor on his farm work ‘rather ’ 


in devising w ways and means to’ obtain remissions from the 
= in the knowledge that he must pay for the e operation, maintenance, and 
improvements, he» will weigh the necessity before demanding expenditures. _ on 
if it were true that original capital costs the Government nothing, 4 
this would not excuse ‘the undertaking of "projects that were I not ot feasible 
the settler would require subsidy in the form of no interest 
payments or the remission of the original cost 


‘The only basis for any other policy is ‘the theory that every locality is 


is scarcely sufficient reason for undertaking p 
costs; nor does the that the money comes sales of revenues 
from a certain State justify the ‘theory that, “the: money comes from our 


We want it spent here, it will give our peony employment; we do not car 


it, 


whether the ‘Project: is feasible or not. to 


a To some this may be surprising, but as early as 1903 and as late as 1929, — 
a the writer has heard this sentiment expressed by eminent “native sons” ” advo- 
five-year period would be sufficient to develop a reclamation project, 
when the improvements are opportune and when a demand for land exists. 
However, where improvements are premature or where postponed payments 


holding d without twenty- -five” years: for 
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deve lopment would q premature-— 


would probably | have disappeared. 


mentioned as an ‘enterprise which the Government handle. 

| This probably is true at present, but one can imagine either the seven Basin — 
« States, or or the three lower ones, entering a . partnership and compact to o develop | 

basin. declare (as have | done) that projects ‘could not have been 

an built without | Government financing and Government contributions, is in om 

writer’ s judgment, an over- -statement. _ There are projects which ‘could: not be 

built without Government ‘International questions might ‘be such that 
the Government a alone could function but, except that time is an essential — 
element, the > writer finds it difficult to imagine a project which a State, such — 
California, for in instance, could not build. California ‘is certainly ‘equipped 


with engineers and scientists capable of undertaking the y very largest projects. - 
Pm long as Government - financing will furnish the fur nds with the 


of resistance will be {dllowed: It is very easy to acquire 
; = habit of being waited upon and relieved of work, worry, and responsibility. : 
By hope of Government aid were not present one can imagine the States or : 


even local enterprise and | private undertaking the work—not at this 


National or even State is a State 


the State should assume th the responsibility, and t the part of the financial 


urdens needed to supplement. the amounts that the settler | can . afford to pay. 
such a rule prevailed the rolling, pork-barrel” manifestations would 
and loud shouts of “necessity” would sink to mere whispers. 


- Although the writer ‘recognizes that extraordinary or st supplemental a aid is 

from the settlers’ point of view, and is often necessary on projects 
unwisely undertaken, he cannot ‘subscribe to the universality of the ‘need. Inv 

the: Government examined the South Platte Project in Northeastern: 


Colorado; it built the Interstate North Platte Project less than 100 miles 


me ‘These projects were similar in elevation, soil, climate, markets, « crops. 


and potential settlers. The supply of water in the South Platte was question- 
able that of the North Platte, unquestionable. Several years later portions © 
af the land in Colorado were provided with canals and storage 1 reservoirs through 


the irrigation district plan. The districts have successful. The cost of 
construction, including “expenses of ‘promotion, discount boinda interest 


Bi isn construction, and costs of investigations, wi not greatly different fr om 


- the costs on the North Platte Project, exclusive of drainage and costs of main- 
tenance and | operation. . The difference i is even less if the character and the 


permanence of the irrigation works built by the two agencies are taken into. . 
See! 


consideration. _ Nearly all the bonds of the districts have now (1930) been 
“paid off. i In the ( Colorado projects, the settlement was less rapid at first than 


<t on the Federal project, but the general character of the settlers was s better jn 
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i. part of the indebtedness of the largest district was written off, in ‘amount | 


about equal to the promotion “cost, ‘and since then, in the ‘knowledge of the 


futility of demanding further reductions | or concessions, such demands have - 
been made and the district’s credit is This. {llustrates, also, that 
settlement can be taken care of locally. Had this been a Federal project 
_ less competent s settlers would have rushed in; speculation based on the hope — 


of avoiding repayment of costs would have been present '; large maintenance, 
- operation, and improvement costs would have been incurred on money advanced 


Z by the Government; and, probably, : a demand for houses and leveling would have 
been made. As : stated in Section (14)* of the report, “Lan nd settlement * or. 
or any other kind of assistance | ms * should be treated as a local matter.” 


Referring to Sections (1) and (11), 
- ernment should | be based upon 1 the estimated benefits to the county: asa whole 


and nothing more. 4 As a maximum, the ‘contribution should not reduce ‘the 


settlers’ obligations to less than what he can reasonably be expected to pay. ea 
The interest- payment rate should approximate the interest rate paid by the 


Government on its. indebtedness. Such limitations and rates would undoubt- 
edly leave obligations greater than the amount the settler could pay, and, in 


such cases, s, the project would be classed as premature and its construction — 


ou The proper desire of the U. Ss. Bureau of Reclamation has been to build © a 
projects s0 as. to include all the lands: possible. Often it was: found that the 3 


e g the less desir- 
able ¢ ones in a that they could not be feasibly. > This 
‘suggests the popular ex expression, “they took the heart from ‘the melon and left a 

the rest. me: Carrying the simile further, the service in some cases undertook 


‘save ‘the rind as well a as.the seed : zone,” and the results were unsatisfactory 
pense, but were 


A portion ‘of the amounts written off by the Government 
Were: chargeable to this condition. Thus, reclamation w went t from the. one | 
extreme of private enterprise to the other by National expenditure. It is 


4 the proposed to ‘construct a project. in which only a very small percentage of 
the land proposed to be irrigated can support a settler, even if both land and 


water, leveling, and fencing were given him at one-fourth the cost. 
advisability of imposing the conditions of Section (10) is under such condi- 


In Sections. (8)+ and (9), the ‘Committee’s report indicates a preference 
for r completing and bringing to perfection existing projects, and that great 


ae caution be exercised i in attempting new projects. — On existing ‘projects much — 


necessary expense has met; facilities, such as roads, schoc and tele- 


ie 


‘if the locality and the State are unwilling to assume this’ duty and 1 respon- 
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» have been small business: centers: have been built; and 


of the primary purposes of the irrigation congresses, indi- 

viduals proposing Federal aid, before the passage c of the National Reclamation 
was to furnish ‘supplemental water supplies to existing projects and the 

extension of those projects. About the time the Reclamation Act was passed, — 

was enlarged to include ounstruction: of main canals. The 
building of or aids to were ‘proposed. 
after the passage of the Act, and some of 1 f these activities w were not suggested 
some years” thereafter. It was when activities undertaken 
in scope that needs” for new contracts with increased cost over 

_ original estimates appeared. In the ‘ “pre- -Act period,” it was assumed that ithe 


settlers would be drawn from experienced | communities and that ‘they would | 
be capable of self- -government, would initiative and ability, and 


as be able to cope with all ‘the ‘problems except that of the supply of water. — The 


present tendency ‘is to: ‘rev vert to the original ‘conceptions of the irrigation 
and this thought i is expressed, in Section (8) of the report. orf 


1 
writer, believes that. criticisms and distrust of Federal reclamation 
activities. are decreasing, ‘due, first, to the withdrawal by former Secretary 
Work, of the Department the Interior, of ‘the rights: 


North Platte 1 Rivers. While this reversal of previous rulings date 


if 


be of great benefit. to State, , because the time funds could be 


ecured had passed, this ‘saner and more equitable attitude of the -Depart- 

ment of ‘the “Interior is appreciated. Second, the general | conduct of t the 

28 engineers of the Reclamation Service is winning ever greater popular approval. 

-day opposition and criticism is due to the e attitude of the Govern- 
_ment’s legal advisers who | claim that the title to water: is in the hands 
Government : and thus: deny any, weight to the article of the Enabling Act 
to the effect that all States are > equal and are admitted on the same terms as 

original thirteen ‘States. Criticism is now more | ou tspoken than formerly 
“against the growth af bureaucracy, of which President Hoover, President f 


Coolidge, and others have warned the Nation. wor 
In ‘the writer’s experience the management of by the water users 

pay bills (Section - 15),* ‘more economical ‘than that either 

Government 0 or corporations. In. time, through experience, the water users 


become as efficient as and more conservative and less technical and theoretical t 


aa __ Elwood Mead, M. Am. Soe. C. E., statest it to be his conviction a 


of two things be done: Either provide aid. in carrying out 


= 


second stage. of reclamation ; or (2) oni building canals to irrigate unim- 
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proved land. pit The writer agrees" with this statement, but chooses the second 

alternative, because he believes that—except for local ambition, a ‘megalomania, , 

and the desire for local expenditures—there i is no no demand for - such construc- % 
tion; and that, | as indicated in Section (8) of the report, the construction of 
storage re reservoirs for s supplemental supplies and flood protection for existing | ian 
- projects meets the present ‘need and also that for | a very long time in the 
future. This need is aptly illustrated under the head | of “Achievements «= 
ederal Reclamation in Completing Private. ‘Development, ” in Mr. Mead’s 
paper.* The Salt River, the Weber ‘Valley, and the Snake River are men-— 
tioned; the Uncompahgre Project, where a supplemental supply for existing 
canals was we through a tunnel » and the North Platte Project, where ie 

“many: 2 sting canals were supplied with a supplemental supply from Path- 


finder Reservoir, are other ‘examples, In ‘the latter case a ‘community | of 


interest was created and conflicts of water rights were eliminated. . On that 
_ project priority of right has now little meaning; but the matter of ‘control bs 
at the € and distribution remains a source of conflict and litigation i in a three- cornered — = 
would which Wyoming, Nebraska, and the Federal Government are con- 
would cerned. Allocation of the water the States and joint control 
ation _ The statement by Mr. is ton of ticularly ty of study 
ation 


etary” 
farms; some now (1980) own operate farms; and all, have” 


‘secure a ‘committee more rs with all three iio that Mr. Mead men- 

tions, ‘namely, engineering, economics, and the settlement ; problem. 4 

being the case, it is vital that the ‘subject be thoroughly discussed by 
other than those of the Committee, and the fact that so have entered 


‘the discussion and that time has been given for the discussions, | is 


them | a conclusion will doubtless be reached that will be to hie credit 


of the Engineering Profession in that it w will | demonstrate that engineers do | 
not have as narrow an outlook as s they ; are sometimes accused of a gl ie 
subject ‘discussed herein may bes summarized as follows: 
| oe hei! (a) There is no hurry; ‘the Government should beware of camou- 
ith 


flaged frauds in considering requests for Federal aid. 
users (6) Reclamation is at present a local and not a National question. 
stical (c)_ Under present (1930) National conditions of market and crops 
settler is likely not to succeed even with local, State, and Federal 
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(e) Willingness on the Gent. State. locality to assume 


Bh responsibility and a part of the cost should be the test of necessity and 


Most projects that are feasible, ‘desirable, and opportune can 


(9) 1 The control and distribution of water should remain. the 
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IOR OF AR REINFORCED CONC RETE ARCH 


—— 


M. M. . Soo. C. E. (by seeking to answer 


for the of the bridge designer, Mr. Slack has interested 


dificult and ‘important ‘research area. This involves the study of green ‘con: 
~ erete as it passes into the form of an chet or semi-elastic solid progressively — 
capable of direct stress within itself and of inducing stress in its associated 
steal reinforcement. The author directs attention to initial stresses. acquired 
high temperature during ‘set, and | has: followed. these and other stress 
phenomena during the four- month program. of his observations. ta ogit 
80 His paper brings together a . large body of original data. valuable in itself, — 
pioneer in character, and highly ‘suggestive in to. further 
” research into stress | behavior and stress distribution in structural concrete. = Pea 
t tests. described follow ‘upon and supplement the elaborate series 


- high- load stress experiments ¢ executed at ‘the Yadkin River ‘Bridge, i in | North 


: Carolina, i in 1928, using the sensitive electric telemeter to measure the attend- 


ant deformations.§ Slack, likewise, has used the telemeter as his 


oracle i in the present tests. ‘The paper makes clear the careful planning | with 
which the test installation was conceived and handled under field conditions. 
The methods “pursued ar and the observed data will ‘command, confidence 


“a far as the writer i is informed, the electric ic telemeter devised and ‘per-— 
vale 


fected 3 in the U.S. Bureau of Standards has been applied chiefly i in im: 
¢ tion measurements on large scale field tests as 


, Civ. Eng., Univ. of eit 


§ Proceedings, Am. Soc. Cc. March, "1929, 
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STRA ON BEHAVIOR OF cone RETE J HES 


Mr. Slacks ‘Paper, 


highly sensitive detector of linear d deformation can have Sen range of 


usefulness i in the, study | of concrete. Without attempting detailed description, 

«the te telemeter is sensitive in the order of 0.00001 in., , and i is read on a Wheat- 

~ stone bridge i in terms 1s of the v: varying electrical resistance in the carbon stack of 


the instrument, its direct readings being converted into the corresponding. 
deformations by “proper calibration curves. Tt measures: total 
from the initial reading, however it may be caused. 
Applied to concrete under load, the main factors causing deformation are 

n 


elastic stress itself, temperature changes (requiring the auxiliary use of al 


temperature coil), movements due to moisture and, doring 


stress or the occurrence of the to be expected. 
For these variables, with the use of the auxiliary temperature coil, 


it would ‘seem that the telemeter can be made of much confirmatory and 
cs research value. The fact tha t the instrument can be embedded in green 


oA). conerete permits the study of early set phenomena, which, as Mr. Slack 


points —out,* involves. the existence of initial stresses of ‘considerable magni- 
between concrete and steel. This” also may embrace areas of marked | 


local stress in concrete of whose existence and magnitude ‘nothing 

known, and whose persistence or later relief by internal molecular flow 

_ equally obscure. It lends itself also to the determination of various constants, J 
especially the modulus of elasticity, which, at t present, is determine ed by 
ci ‘deformation in the outer shell of the test cylinder versus its determination | 


ie. means of the embedded telemeter from the internal deformation in the ?; 


~~ In the field of plastic flow studies, it seems to offer great possibilities for 

4 long- time record and variable loadings, care being taken to master a any hys ~ a 

esis behavior of the instrument when stresses: are relieved and re-applied 
ow ithout further ‘elaboration, it is hoped that this suggestion of the telemeter ae 
as. a delicate supplementary tool in the study of basic “concepts regarding 
concrete may awaken interest among laboratories and other agencies inter- 


ested i in perfecting | scientific knowledge of the nature and behavior of concrete, 


Proceedings, Am. Soc. C. E., November, 1929, Papers and Discussions, p. 2289. 
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PAPERS AND DISCUSSIONS 


M Wikes + D. Henny,} 


A. Froris,t Esq. (by letter). .§—In his paper'|| Mr. Wiley deals briefly with 
F 


the relative merits of the various types of high dams. In doing so he arrives 
i at certain conclusions which are | at variance with the views commonly held 7 


4 


Be aulic engineers. 4 The present ‘discussion will be. confined merely to the 


action of Ww water in the pores of gravity dams. pw 


The problem of water pressure within a gravity dam has been anes: 


by Professor Paul Fillunger: treatment of the subject is” 


Mr. ‘Wiley, so that it j is while to ‘compare them 
“te Mr. Wiley’ ** reasons that uplift ca an be produced either in a horizontal z 
a seam in the rock, or or in an open horizontal construction joint in the dam itself. 


‘Therefore, if the dam has no such planes of weakness, no consideration should 


lt 


_ be given to the possible action of uplift. On the » other hand, the water pressure 


within the p pores of the concrete exerts influence on the static equilibrium — 


ct of the structure. This view i is supported by calling attention to the fact = 
‘the pressure in the pores is equal in all directions, ‘that to an upward 
within a is ‘opposed an “equal pressure in the adjoining pores, 


using all forces be cancelled. The fallacy. ‘these ‘statements can be 


"seen by referring | to Professor Fillunger’s s scientific investigations. 


=" ee * Discussion of the Symposium on High Dams continued from May, 1930, Proceedings. — Pe 


| § Received by the Secretary, March 31, 1930. 
a || Proceedings, Am. Soc. C. E., November, 3929, Papers me Discussions, >. 2318. 


Ps { “Der Auftrieb in Talsperren,”’ von Dr. -Ing. Paul Fillunger, Oesterreichische Wochen- __ 
Schrift fiir den 6ffentlichen Baudienst, 1913, Nos. 31, 32, 33 and 34; ‘‘Neuere Grundlagen 
fiir die statische Berechnung von Talsperren,” von Dr. -Ing. Paul Fillunger, Zeitschrift des 
Ingenieur und Architekten-Vereins, 1914, No. 23 ; also, reprint. 
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FLORIS: on HIGH 


ot: ‘Tt the pressure in the pores of a eer is the | same. in in all directions, but can 
vary , from pore to po pore, it is evident that 1 no uplift can be produced. 3 However, 

f the water meets” greater resistance in one, direction than in another 
uplift: pressure invariably will result. | This case is present in a gravity dan 
‘Ss which some parts are more porous than the others. The uplift in a con P| 
crete depends, therefore, on the porosity of the aggregates and of the 

cement paste, respectively. Since the difference in the p porosities of these two. 


r os in a dam is comparatively high, it follows that uplift cannot be — 


| 


“ed “two forces. On the other hand, if the water is surrounded by a rigid body, the 
acts” on the surface of this body but has an opposite direction. 


- This last case is of importance in the application of this law to gravity dams. 


oo Since a rigid body submerged in an incompressible liquid, will have an { hoe 
equal pressure upon its surface i all directions, the resultant of the weight 
of the body | and of the total p pressure of ‘the liquid, acting v upon it, will be a ek 
directed upward or downward, depending | on the relative magnitudes of om 2 


~ 


In both cases the forces acting on a surface are replaced by forces acting in , 
space, or, in other words, by forces denoting mass. eo ae a 


_ ‘The field intensity, p, of the pore pressure, in the interior of a gravity i 


Hn is ‘wae’ than the field intensity , of the water in the reservoir, that is is, the 
4 hydrostatic head, which is ‘given by, - 
height of water level measured from point under ‘consideration. 
nt ite the down-stream face of a po. porous us dam the field intensity of the p pore 


_ Near the up-stream face the field intensity of - pore pressure will be a 
ittle less than the hydrostatic head, or Lan 


p P 


From this expression it, follows that the water in t the pores" of a dam vil 


beina state of steady flow. Assuming: that the dam is Siti tight at the down- 


- ier stream face as well as at the base, then the infiltrating water will reach equi- 
when all pores in ‘the concrete are filled with water. In this case 


the intensity of the pore pressure will be the same as the pressure in the 
reservoir r at equal elevations. In an ordinary case, however, inv which neither 
the ‘dam nor its rock foundation is water-tight these lines of equal intensity 
or gradients will: deflect toward the base and toward the down-stream | face 


2 because of the variable intensities of the pore pressure (Fig. 


ia Ifa sufficiently small portion of the dam with the volume, v, is considered, — 


- then the resultant, ‘?P, of f the water pressure on on the: walls of all the pores of 
his portion, will be expressed (sence to Professor ‘Fillunger) by, a 


5 


— 
wr 
— 
— 
+ 
> 2 
‘2 
Les, 
a 
as 
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lered, 


= coefficient of porosity 


a ine 
‘By dividing both sides s of Equation . (6) by the volume, v, the pore pressure 


36 


H 


= 


=" Since - the porosity of the aggregates is usually less than the porosity of — a 


“the cement paste, it is evident from Equation (6) that the pore pressures of 


‘small portion will have a negative resultant. Consequently, within 
d 


am there is always present a force w a direction opposite to ‘that of the 


Weight of the water. This is, how ever, ‘none other than the uplift presrure 


_ Assume, for example, that it is possible to build a gravity dam with cement, 


but without the addition of aggregates ; then, obviously, p and 
becomes P= 0. In this case, therefore, uplift cannot be produced in 
the dam. In ordinary cases, however, the consideration | of uplift i in the stress 


“of gravity dams should never ‘omitted in 1 spite of Mr. Wiley’ 
rid -assertions* to the contrary. If cobblestones are to be used, this consideration — 
is is rendered more imperative, due to ‘their larger 


* _ The steady. flow i in a gravity dam caused ‘the difference pore 


This resisting 
was determined by Professor illunger and w was as found on 
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FLORIS” ON HIGH DAMS 

® porosity of the aggregates, on the gradients of ‘the gravitational fi ield (weight), - 


a and on those of the pore pressure, respectively. _ Therefore, within a gravity 
a dam that i is exposed to water pressure ‘there are two forces acting, bes 


weight, 9 g. These are, the u uplift, u, and the frictional resistance, f (Fig. 8). * 
The weight is an actual force of r mass with a vertical direction, the uplift is 


normal to the gradients of the pore pressure, , and the frictional resistance | 
is perpendicular to it. Consequently, the uplift can be considered as a normal — 
stress, while the frictional resistance corresponds to the shearing stress. The : 
direction of the > uplift for force is always opposite to that: of the weight, vhile 


the frictional resistance xe often, but t not always, has a direction the same as 
s ie stated previously, the gradients of the pore pressure are ‘inclined ‘sans 


down-stream face (see Fig 8). Therefore, Dr. K. Kammiiller has sug- 


resistance.* vertical ‘components of ‘the uplift in a 


up- face this is to the hydrostatic 
simplification is not quite correct, because the frictional resistance 
24 acting along the inclined gradients of the pore pressure has also a vertical — 
component. ‘This component, depending on whether it acts upward or 
ward, will make the uplift greater or r smaller. Hower ever, this somewhat crude 
simplification of the rigorous theory indicates clearly, that the 
distribution ordinarily _assumed, of the uplift in the interior of a gravity 
dam, is m not based entirely on arbitrary assumptions but that it has to a certain 
extent a scientifically justifiable _ Meaning. It has nothing to to do a 


consequence of the pore pressure distribution in the structure itself. 


q 7 of a ‘joint, as Mr. Wiley i is inclined but it is the 


aG 


‘The foregoing theory explains in a natural way the mechanical action of 


4 = Donal water in the pores of a dam and is exact and fre e from assumptions. It is 


_ true that the analysis depends largely on the ' properties of the materials used» 


in ‘the construction of dams and of their rock foundation for which the various 
coefficients of porosity, ete., must. be known in advance a reasonable 


degree of accuracy. How ever, these are which confront the engineer 


=: In order to determine whether the water pressure > exerts: al bursting ac action 


within ‘the “pores of a material by overcoming its tensile strength a test 


_ specimen ean be subjected to water pressure of sind intensity and, at the same 
a time, to a pull acting along its longitudinal axis. 
 Rudeloff, Panzerbieter, ‘and Professor tested cylinders of cement 


mortar to failure by an axial pull. In these ‘specimens water was forced into 
the pores. In some specimens this penetration was prevented by means of a : 


a Ss _* “Die Theorie der Gewichtstaumauern unter Riicksicht auf die neueren Ergebnisse der _ 
Festigkeitslehre,” von Dr.-Ing. K. Kammiiller, Berlin, 1929, p.13. 
oo + Versuche iiber den Porendruck des Wassers im Mauerwerk,” von M. Rudeloff und © 
Panzerbieter, Mitteilungen aus dem kO6niglichen Materialpriifungsamt zu Gross- Lichterfelde, 
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outer face of on This: outer surface in some specimens was 


. - protected by a membrane ; in n other specimens it was not. In all cases the water — 
pressure was raised to a certain limit and then the axial pull ; was a 


de until the material failed. a Tn addition to these, other specimens were tested 


by an axial pull only without subjecting ‘them to a water pressure. 


In these tests ‘it found that by increasing the water pressure th 


= decrease of the tensile : strength of the material ws was very rapid so ) that under | a 
‘pressure of 8 to 10 atmospheres, it was practically z zero. If the results of these ; 


is _ tests are correct then, as Professor Fillunger states,* gravity dams higher than 


250 ft. cannot be safe, ‘because a material with zero tensile rw will also 
a: an uncertain compressive and shearing resistance 


The reason this apparent difference between tests experience is 


easily seen if it is realized that each of, the specimens was ‘prepared - in four 
horizontal layers perpendicular to the axis of cylinder. Obviously, these 


vv 


planes were the points of weakness. - Between these layers the cement mortar 
was very porous so that it resisted  aplite very little while in the remaining more 


dense. and sound parts of the cylinder the resistance was considerable. 


- unequal distribution of the pore pressure evidently caused the failure. cr ie 


iy), 


Sometimes the failure of a ‘porous material ‘subjected to w ater pressure in 


wid 


all directions i is interpreted as being due to the bursting action of the water 

ie the p pores of the body under | press sure. ret According to Professor Fillunger, lar 
in such eases the rupture can be assigned » to other causes than tension.¢ — It 


very probable that the release of the pressure was too rapid so that 


= 


the water in the i inner ‘pores r 


sure within the different parts of the body causes an unequal | pressure ‘distri- ie 


‘pores the pressure was reduced The abrupt change of ‘the pres- 


i 


_ Specimens of standard briquettes « consisting of the porous Portland cement . a 
5: by Professor Fillunger to a water pressure in all directions of 100 ts ? 
under water ‘pressure. "Simultaneously, a steadily increasing axial was 
briquettes, Yo tug a tena) gu wevig beg sin at 
mens of different porosities could be observed. _ The water penetrating into 
under increasing water pressure the tensile strength | of the material must 


on which ‘results i in failure by tension. igsa, <sfovid ure 
mortar, less porous slag-cement mortar, and non-porous sealing wax, were 
to 200 atmospheres, respectively.§ Some specimens were tested without being 
applied by the aid of a level arm, exactly as in -testin; ‘mortar & 
all cases no appreciable changes in the tensile ‘strength of these -speci- 
the pores of the body did not. produce a a bursting action, because otherwise 


*“Auftrieb und ‘Unterdruck in Talsperren,” von Dr.-Ing. ‘Paul Fi Fillunger, Die Wasser- 


wirtschaft, 1929, Nos. 18, 20, and 21, p. 334. 

i § “Versuche iiber die Zugfestigkeit bei allseitigem Wasserdruck,’ * von Dr.-Ing. Paul. 
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= the ] pores of the dam produces uplift and friction. The respective ond 
= these forces must be combined, analytically or by the aid of a funicular _ 

polygon, with that of the weight of the dam in order to determine the stresses” 

_ produced by the water in the reservoir. It is obvi ious, therefore, that the water 
pressure in the pores of the dam is important item wh hich cannot be 


neglected in a correct analysis of stress. Consequently, Mr. Wiley’ claim* 


3 ws that stresses are not produced by the action of the water in the pores of a 
gravity: dam—not be being sustained ed by theory « and tests—eannot b be accepted as 


Wricut,t M. 1 Soc. C. E. (by letter). basic papers§ by 
Messrs. Wiley, Henny, and Ransome are exceedingly ‘Interesting and instruc- 


au 


“tive, and the discussion thus far published has added much to their value. 
two years since 1928 dams and their safety have occupied a ‘promi- 
= place in engineering literature and in engineering thought, and it is ; 
_ hoped that this opportunity for | a full and free discussion of the Le Ww ill 
bring out the consensus of opinion upon the ‘numerous mooted questions and 
unknown factors entering into the design of all dams. 
One question which has aroused some discussion and has brought out 


: Ric, definite opinions from a few is that of initial arch resistance of arched gravity 


ae dams. Too many unknown quantities are involved i in this question to ) warrant, 
a much confidence in a mathematical analysis; it can only be settled by obser- 


vations and tests upon existing dams. ‘Such an analysis as is possible may 
be somewhat enlightening, but it also serves to emphasize. current ignorance 
on the subject in the lack of established facts bs substitute assumptions 
founded ‘upon ‘more or less far-fetched inferences. - Why not go at the ques- 
tion in a practical way? Core borings | with the drill following the Se 
between s successive blocks, and temperature readings within the hearts of well- 
 : seasoned dams, would throw much light on the subject, ; and other inexpensit 
: tests could be ‘devised that for all practical purposes would settle the questio 
; 
ig Little i is | known about the temperature e changes i in the heart of a | thick dam; 
Tess. is known about the effect a and extent of water-soaking of the ‘concrete. 
Engineers are equally ignorant as to the effect of the usual method of con- ‘ 
struction, that is, the casting of alternate blocks between blocks that have _ 
hardened i in air, inl have given up at least a small part of their chemical heat; ; 


they know little or nothing as to “plastic flow”, or ‘ set. 


figures that mean so little? 

fact that the St. Francis: Dam, ‘built without 
_ joints (asa monolith), , is not conclusive. to ) the writer. It has been 
well established b by the “post mortem” that the abutments were ‘incapable of | 


sustaining heavy thrusts. “This and the fact that the dam was 


a ‘oes * Proceedings, Am. Soc. C. E., November, 1929, Papers and Discussions, 
$ Received by the Secretary, June 13, 193 
Cc. E., November, 1929, Papers and Discussions, p. et seq. 
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September, 1930.) ON HIGH DAMS © 
= monolith would predicate a behavior different from that of dams constructed 


pat 


‘As in most questions of controversy, however, ‘much can be said on both — 


sides. Certainly, the ‘St. Francis Dam should not have been | built as 
arched dam, with or without compensation for the convergence of radial — 


planes, because of and its rather great length ; although 


a from all that is now known 
so Yet 1 no reasonable man, who has s seen foun ations 


cand pr 
some others which have been constructed in ‘narrow ‘canyons a are yneafe by 


reason of the lack of compensation for the convergence of the radial planes; 
nor would he say that a straight dam of a gravity section presented Ic less 


q 4 ‘nnoniill as to > ultimate failure. ‘That would appear to be the crux of the ques- 


: é that a narrow canyon having competent abrupt walls i is the only suitable site 


q tion—fit the dam to the physical conditions of the site. od Tt is well understood — 
<t 


for a single arch of any description. Accepted principles. of dam design are 


rooted in meager knowledge, yet it ‘is feared that this fact is too 


In the analysis of the gravity dam, designers know the pressure ‘upon its “ae 


they know, approximately, its weight; and exceedingly roughly they keow 
the” strength of concrete made under certain: ideal conditions—just the bare 
ss of the problem. — The remaining factors have to be assumed ; yet ‘they — 


~ talk about factors of safety as if they were known definitely. ‘In the analysis 


of the arched dam the: -engineer’s 8 confidence in 1 reaching correct conclusions 
from false premises through the medium of clever mathematical gymnastics 


we 


7 homogeneous ‘material, uniformly elastic, and that it behav es uniformly under 
the influence of temperature of which i is known to be or to | 


as to stresses based upon n fallacies, or inexact theories of ‘arch ‘Then 
making certain convenient assumptions with a view of simplifying the ‘solu-— Bt ae 


_ tion, he blandly proceeds | to compute the stresses in all parts of the dam, oi 
ignoring the fact that. an arched dam is not a true arch in any sense, and — i 


that in no two ‘dams having different: profiles stresses be at all 
Within the last few years the tests upon the Stevenson 


as Dam, supplemented by measured strains in existing dams, have cleared EP. 


; the problem of the arched dam somewhat and designers now need 1 not labor 


wholly i in the dark; but more than anything else these tests have. ‘shown that 


{wow fs 


previously accepted theories “gave results widely different from the facts, and 


that engineers must rely largely upon models and tests of existing dams to 


ie In considering the stability of dams, therefore, it is well to wtibedidy that 


all so- -called factors of safety are based on assumptions that are generally 


Unsupported adequate reliable experimental data; and this’ would seem 


0 be very pertinent to the question of the safety of The de 


approaches | the sublime! He starts Ww ith the assumption that concrete is a oa 
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WRIGHT 03 ON HIGH DAMS 


is at for some time, must remain largely i in ‘the field of f empirics, 


and any too radical : a departure from experience is fraught with more or less 


‘ anger. ‘One safeguard that the writer would suggest is provision for -_draw- 

- ing down the reservoir wherever ¢ at all practical, , even at large expense. — r. mob: be 
Probably the > majority of g gravity ‘masonry dams fail by sliding ‘upon, 

beneath, their bases. Strictly analyzed, several factors are involved in such 

- linden of which little is ‘mown . As to ‘frictional resistance t to sliding upon 
re the base, it is generally conceded that this may be from 55 0) 70% of the 


Pressure ‘upon ‘the base, or ‘a little more in ‘exceptional ¢ cases. 


sliding as by the resistance stand, with 
Ed 10% as t the upper limit, yet few have / expres 


Fam bility of extensive bonding, and as to what may iy ba upon 
£ Wiley mentions ‘two instances in which : more or less bonding was demon-_ 


strated, but he fails to state whether or ‘not it was general and expresses no 
opinion as to its reliability in the general case. 
During the construction of the Wilson Dam the wi riter had occasion 


as a pier which, later, had to be removed. It was founded upon hor Angie 


flaked iy with 4- heavy drill bits, was: 
perfectly clean by repeated washing with high- -pressure jets of air and water. : 


A good coat of neat cement grout was then | applied and broomed i in and the Fs 


pier was constructed of a good quality of 1: 2 4 concrete. The writer was: 
"very anxious to know to what extent bonding had been effected, but was not 


"much surprised to Se that only 4% ) of 1 the area of the base had bonded with ‘ 


the rock surface. This too took place directly under: the point from which | 


if? 


ae was dropped into ‘the forms in the initial stage of “construction, and 


there seemed no other reason why ‘it should have bonded at this point rather 
‘This point was not at the center of the pier, and the surface ; 


It is , the w. 


that in the process of crystallization the concrete pulls away before 


quate strength i is developed. ‘How ever, ‘this is only a theory, although i in the 
of the pier mentioned he thought he could: detect slight: evidence that 
had happened. The shape of the foundation may have been a “factor in 


~ result. ‘The base, of the pier was only 4 ft. wide and 24 ft. long. 


Advocates of the theory of extensive bonding sometimes base their opinion 


upon results obtained in brick and stone structures. In this, they overlook 


fact that, in such a case, the mortar generally constitutes. a very thin 


and lacks the necessary col esive strength to pull away, and that 
in the sheet instead. ‘This might ‘possibly explain the bonding observed 


by? Mr. ede fe in the overturned sections of the St. Francis Dam.* © Pam 
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yielded to the stremath: of an ‘concrete. However, it is easy to believe 
that if the foundation pr esents a sufficient number of prominent projections, 


such a as would generally be the case if the stratification ‘upon edge, or 
_ dipped strongly, effective bonding m ae to a very consider 


e extent, with care in leaning and grouting. nuh 
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ELEPHANT-BUTTE DAM ASECTION 


GREATER UPSTREAM BATTER 
& Fra, or Roo EVELT AND EL BPHANT ‘BUTTE Dams COMPARED WITH D: 


_ Lacking evidence : as to the extent upon which effective bonding may | be 
depended, it is necessary to ‘rely 1 upon frictional 3 resistance. For this, greater 


on the base i is demanded, and the writer has ‘often “wondered why 
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oF 
o_o ers have not made greater use of up- _stream batter in the case of 7 


gravity sections. 9 and Table 2 are ‘presented to show that greater 


stream: batter is ‘not inconsistent with cantilever resistance and minimum 


both these dams are much higher than 200° ft., the diagrams may not 


 faizly represent stability at their bases, but since they are fairly typical of 


dam sections as usually battered, they are used. 


an up-stream ephant Butte an up-stream 

Roosevelt Dam: batter greater | Dam: | batter greater 
the 200-ft. water than Roosevelt | Section above | than Elephant — 
"depth. ‘Pam (Fig. 9 (b)),| the 200-ft. water | Butte Dam = 

(Fi (a). but havingthe| depth. Fig. 9 (d)), and 
18. same sectional 9 area only 


per cubic foot .......-.-.. 5 ‘ 


Factor of safety against over- Wieser 


Sectional area, in square feet. . iy! 4 eee 525 15 085 


ble 2 ‘that (0) has be fag same sectional 


“The of pressures on the bane of 9 (c) falls 
slightly the mil third, under the weight of conerete assumed, 
the base of Fig. 9 a it falls w vithin the middle third; hence, the 


‘advantage ‘of greater stream batter, why 


it not more generally adopted Is s the present custom relic of the past, “4 


when ‘such dams ¥ were e generally constructed of rubble masonry, and shearing 


‘Tesistance was ‘more or do really fear the development 


section. are then what is real fo to such 


is another question about which there seems to 


es. "ks ag from ‘“‘Constructicn of Masonry Dams”, by Chester W. Smith, DP. 247 ‘and 253. 
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= standardized ; nor would it be desirable. i ‘Data on uplift are gradually “wren 

“ accumulated from measurements on existing dams, and within a few years — 
something ‘may be known about the subject. In the meantime, however, 
_ would it not be well to assume that with the best of foundations the uplift — 
may be a: as much as full reservoir - pressure a at the heel and tail-water pressure ~ 
at the toe, acting upon 50% of the base et In the writer’ ‘opinion this 


dam section that is none conservative. of course, is 


Mr. Wiley? has ‘upon leakage, or seepage along “eold joints”. 

age, or seepage, is s decidedly objectionable in any dam, and is, , of course, espe- 
cially objectionable i in ‘thin arched dams, or others composed of comparatively i 
sections. All concrete workers appreciate the diffeulty treating a cold 

care in n picking, grouting, s some 2 joints x y be expected ‘to 

if not leak. Ons 1e remedy, of course, is to have no cold joints. It is the writer = 
- experience that, if the succeeding lift be cast within 24 hours of stopping, only © oy 


reasonable care in cleaning, wetting, and grouting | is necessary to secure 


‘practical, and for re reasons ns touched upon by Mr. Henny, may be. desirable. 
In a recently built thin arched dam plate-steel water-stops ‘set into the | super ae 

g _ imposed lifts y were used with good results, and th the writer knows no good reason 
why the practice should not become general— —particularly in thin sections. 
~The use of these water-stops, however, should careless cleaning 

Mr. Henny} expresses suspicion that cracks through | construction 

‘more or less parallel to the water face may sometimes form. The writer fears ; 
that they generally do form in dams of heavy section. The construction blocks 


. of Wilson Dam were alternately 38 ft. and 54 ft. long on the axis of the dam, va 
and near the base were from 75 to 90 ft. in the other dimension. The a a 

a in many cases observed that when the upper lift had been cast about ten days 

r weeks, fine cracks would appear on each side of the lift comewhere 


near its ‘mid- length. These cracks could be traced a part of way across sthe 


do in blocks of size can be expected of blocks a high 


Henny’ suggests as a remedy that the thickness of successive blocks 
limited to 4 or 44 ft. and slower construction, with the view of holding | the rs 
temperature: down. . It had occurred to the writer that lower lifts” would be 


advantage for a ‘different reason—not to cracks, with the 


that « cracks in the superimposed lifts wou 


Am. Soc. C. E., November, 1929, “Paper and Discussions, p. 2324. 


pers. September, 1930.) 
up- 
1um 
aa 
and : 
ince 
not 
l of 
| — 
ving 
am 
ater 
nant 
(see 
and 
niy 
d) 
the 
area ‘ 
ps a 
Fig. 
can- 
falls 
med, 
the 
ate | __teels reasonably certain that some at least extended entirely through the hit. > a 
ast, 
ring 
nent 
seem 
| 
cha 4 
| 
&§ 


in the ss ‘same vertical i 
but they would also favor more rapid ‘cooling. and drying, which would tend 


to ‘produce cracks. ‘Besides, i in most cases, thin lifts would be most vexatious 


ines and costly in their effect upon speed of construction, and the ‘greater number 7 


Ad 


of “cold joints”. When, in the construction of Wilson Dam, the 12- ft. ‘lifts is 


were reduced to 6 ft., progress reduced by at least 25%, and the cost of 
placing raised to a greater extent, although the great length of the dam 


Shrinkage’ and troublesome factors to concrete designers, and 
occurs to the writer that the cement manufacturer and his chemists could — 

probably contribute much to remedy this condition. Early cracks and planes 


weakness | seem to form much more readily ix in conerete made of certain 


improves this but it is probable that the could find means 
more effective. _ The use of pre-cooled mixing water during warm weather, as 


pened by ‘Mr. Henny, would certainly contribute to the desired result. oe 
n well- seasoned concrete, do engineers really 


re rey some, as Limes stone, -0.00000251 ; granite, 0.00000868; and 
quartz, 0.0000101. __ These show a wide variation. 5 ‘Therefore, is it not certain 


‘that concretes made of different aggregates would show almost 2 an “equal varia- 


in coefficients: of expansion, n¢ not to mention concrete: 

made of the same aggregates 


“Conerete with a known strength of 3 000, “4000, 000 lb. per 
 8q. in. in 28 days is now readily secured, and there seems to be no reason why — 


a dam could not be safely subjected to compressive | 4 


stresses of 1 000 Ib. per ‘in. or more (such as would obt ain in a dam 


e of satisfactor 


The statement | as worded i is carefully guarded, but it may be well to ema ¢ 


‘maximum stresses can be known within | a 


mation and that they may not exceed this ‘limit, temperature stresses being 

considered ; second, that. such stresses be not used in thin sections subjected to 
water- -soaking, and to wide temperature changes; third, that designers : do not 


deceive themselves ; as to the feasibility of securing the early strengths specified; a 
and, fourth, that reliance can be placed on the permanent quality of E the « con- 


crete. All these may be implied in the statement, but ‘its limitations cannot 
be too strongly emphasized. = However, taken as it stands, if the base of a 1 dam ét 
of gravity section is meant, ‘it can do no harm for the reason that, at present, — 24 


economics would bar ‘the construction of a 630- ft. dam narrow 
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canyons having sound resistance to punching shear would 


be a very large factor in its stability. JB 
As to the manufacturing of concrete and ‘present: Inowledge of i t, have 


engineers really made as much progress ess within the past few years they 
sometimes: imagine? In the writer’s opinion, some of the more 


% engineers are entirely too confident of securing a specified strength. Piwenln 
water- tightness are not synonymous with ‘strength, although they are 
7 
important. elements in the durability of conerete, which 


visit te to a high dem that v was under | construction, n which high 


stresses were expected and for which claims of especially high-g: -gr rade concret 
were made. who made such claims believed 


parts of the structure, at least, moat certainly were not Som 


of the aggregate was too dirty for use in any structure; some of the batche 


~ that went out, appeared to be practically all mortar; occasionally, batches wen 
‘were sloppier than the writer ever the most 


period of concrete history ; and when the dam neared completion tenes could — ay 


be pointed out where excess water’ was used. asf ced 


Miso In another « case, the writer is told that a certain high dam which is increta = 


to have been built under rigid | specifications, | based upon Professor Abrams’ 
discoveries as to strength, fineness modulus, and slump, leaks and “seeps to 


P 


ot With ‘these "experiences | and others equally convineing, it is best not to be 


¢ 


“s deceived in the idea that it is now easy to secure a concrete of predetermined _ 
strength and density. z vonaartg: not t easy, and with the utmost care e the 1 results are 


» by citing three in 3 main paper with which can 


ese points | as fair presentations of the claims — 


the first point Professor ‘Switzer takes the case of a 


‘The length 
of base is to the resultant, with reservoir full the third» 
point for a dam, 1; ft. ‘thick at the face, with parallel sides. ‘He then shows — 


that in the slice with "converging radii and with the” same water 


* Cons, Hydr. Engr., Boise, Idaho. _ odt “ot sub. 
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ar 

made in his paper. 
With reference to 
ied; cling of Jom) tt thick af the upstream face and conversing 

_ it 


will tension in the uy up- »-stream face, conclusion for which neithe 


Professor Switzer then calculates the deflection of the: cantilever 


reservoir r full and concludes that it is so small that “the convergence of the 
would not close up any contraction joints | as are used ordinarily 


between blocks of the ¢ dam”, ‘and that, therefore, no arch action can develop. 
ae It would seem from the quotation that Professor Switzer believes that the — 


- contraction joints in a dam are built like those in’a sidewalk, or ‘pavement, 7" 


an ectual opening filled with some plastic substance provide for 
 @neaien: . Nothing could be farther from the fact which is, of course, a 


concrete is tamped direct: against concrete, with not even the thickness of . 
= of f paper in the joint, and with the adjacent faces interlocking by off- 

sets in one face into which the -conerete of the other is poured. te Me 

a Professor Switzer then states that arch action can be expected ‘only when 


“a “fi he contraction 1 joints are grouted at times of low temperature, or when the 


arch has a comparatively , short radius, and concludes that ‘ ‘arched : action in 

F _ The writer disagrees radically with both the statements and | the conclusion 

a Professor Switzer as cited in the preceding paragraph. i ‘He is aware that 
there: is much ‘support: for Professor Switzer’s attitude in recent engineering 
literature, but he thinks that much of it is from prejudiced sources. In a 


actual cases a very thin dam contracted due to the shrink- 


ott There may a case in which a thicker d dam has shrunk while the 
$4 crete w: was setting, due’ toa 1 combination of very rapid pouring, an excessive use 


water in the mix, or a poorly graded and unwashed aggregate. 
ae In | the vast majority of arched gravity dams there is more effective arch 


Ha ellen than in the thinner dams which depend for stability principally ‘upon 
ia arch action. ‘The more effective arch action in thick arched ‘gravity 
4g . comes from the fact that any mass ¢ of concrete setting in air has an exterio 
a coat v which s shrinks in setting because of the lack of moisture necessary for com 


“ plete hydration. The interior protected by | this outer skin from evapora: 


tion, remains moist for a _ longer ‘period : so that hydration of the coarser | part 


the cement and consequent expansion of the interior mass long 

after this action is suspended on the faces. 


This dried out and contracted skin, which is inert far as arch action 

is concerned, is a much larger proportion of a thin arch dam than of the thick 4 


arched gravity dam so that a larger proportion of the latter is effective as” 
From the nature of the situation, inspection. of. the contraction joints 
a thick dam is confined to the vicinity of: the faces of the dam, and to sur- aa 


faces of galleries i in th dam, either of which is a case of setting in air and 
rig 
is apt t 
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by the absence of leaks from: contraction’ joints ‘the down 
d Dam it ; was shown by pressure 


Professor: Switzer also. dissents from the writer’s claim that there is no 
“uplift due to water under- pressure in the of the concrete. There seems 


to be some difference of opinion as. Mr. 
dissented from the writer’ 's views on this 


clarify the matter. ‘it will be assumed that in “way all the 


in the conerete eventually ‘become filled with water and that the water in 


voids is under full reservoir pressure at the up- stream face, gradually 
reducing: -tail- water pressure at the down- stream face. On vertical 


column | of unit cross-section “at the up- stream face, assume the concrete to 
have a proportion of voids represented by ype In each unit of height in the 

column of unit area the sum of the volume of the voids will be D. will 
be assumed that the voids are cubes and that they are ‘uniformly. spaced both 


with 7 n voids” per lin. ‘There would be n® 

. voids per cu. ft.; the volume of a single void would be —,; its side or height 


4 would be a its area would be {- 8 “; and the area of all the voids i in a 


ab Assume that at any given point, H ft. below | the reservoir sur surface, 
by an imaginary plane passing through the a laser 


Int the next set of voids — above the cutting plane, the dow nward- _pres- 


The uplift from water under pressure in of of unit 
ea at the up- “stream face i is the excess of the upward pressure over the down- | 


bn? 


a 


2 


= 0.06 20, U. = 1250 (0.0000075)2 x (1 — | 


or 0. 2915 Ib., which is ithe: uplift, per ‘Square foot due to 


© 


, 1930, and "Discussions, p. 867. 
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4 w ater pressure in | the 


and is seen to be it is based upon the qusumption. of 
geneity in the concrete and would not apply to to porous layers or any other 


Diels appears from this that water pressure against the up-stream face does 

not affect the ‘condition of stress in the concrete, but the assumption that 
voids : are filled with water would add, for 6% of voids, 3.75 lb. per cu. ft. to 

_ the weight of the concrete. _ The net result of water pressure in the voids i is 
to increase rather than to decrease the stability of a gravity type of concrete 

Mr. Noetzli* "expresses the opinion that contraction cracks parallel to the 

axis are. likely to. form in massive concrete gravity dams, and he proposes 
to provide for them by joints parallel to the down-stream face. _ The writer 

believes that there is no evidence of such cracks in any dam except in the 
open galleries where they may be purely local and due to shrinkage from 
setting in air. The writer recalls no indication of such cracks as those indi- 

~ eated i in Fig. T+ This diagram shows a crack in the large slab which broke 
from the down- “stream face for some distance up from the base. The writer 


ae this slab very critically in the field only a- few days after the 


failure for the purpose of finding if there was any line of demarcation between 
the slab and the | dam from which it broke. _ There was positively ; none, and the 
peter of fracture was perfectly new ar and fresh. It was exactly such a fracture 
as might have occurred in a dam which was so highly stressed as a vertical 
cantilever as to be on the point o: of overturning about its divided, toe. es 

There no evidence visible to the writer of the the 
nae of fracture above the > slab ‘to indicate it as a part of a system of cracks, as 
s section. Figs. 10 and 11 are from photographs of 

St. Francis Dam under the of the State Commission 


of California only a few days after the failure, show very 


“under high magnification convinces the: “writer ‘that 
“one vhat Mr. oetzli- takes to hy axial veracks a are simply the boundaries of radial 


Wee the failure. writer recalls that there of 
a water-stained surface in the freshly broken concrete which were plainly due 


old, nearly radial, contraetion cracks which formed planes of weakness 
along which separation took place at the time of failure. _ The lines in the 


_water-stained and the freshly broken concrete, and it w will be observed | that 


the most ‘strongly marked lines are in a nearly horizontal direction ending 


eon The writer feels that the : illite of the St. Francis Dam is certainly 
‘convincing enough to. warrant the introduction of inclined joints, with 


their new problems, in a concrete dam of the gravity type; nor does he think 


i photograph which resemble cracks, the writer believes to be lines between the 
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shrinkage from setting in air occurs, 

" similar shrinkage cracks: are formed in t the interior of massive gravity 
| Mr. ‘Noetzli’s statements with respect to both the Owyhee Dam and “on 
boulder Canyon: Dam are misleading. ‘These archec 


a equal height, but are gf tn so as to divide the load torent the can- 
tilever and the arch, thus reducing the stresses: in both systems. 
Although the writer made the statement as “quoted by Mr. Godfrey* that 

in many, if not int most, ‘straight ‘gravity dams, no allowance has been made a 


uplift, he did not mean ‘to ‘imply his of this. practice. ‘He agrees 


Mr. Godfrey that uplift: is. a force. to be recognized in design of 
the mile type, masonry dams, but he contends that where suitable physical 


conditions in the shape of a reasonably narrow canyon are found, security _ 


against uplift forces can be provided by designing the dam as if f there \ were 
3 uplift and then building it as an arch, ‘or as an arched gravity dam. — He 


also. agrees with Mr. Godfrey in not being willing to trust. the safety of a 


straight gravity am agains upli o the effec iveness of cut-o 6 or un er 
ht gravity ds t lift to th ffecti s of 1t-off dex 
although they both increase the factor of safety, a t least tem-— 


| 


nae ever, the writer does not at all agree with Mr. Godfrey in consider 
ing uplift as the principal source of failure in gravity type dams 0 that the | 
for uplift in the design would remove the possibility of 


- Moreover, ‘there has never been | a failure, so far as the writer. is ‘aware, of | 
even a straight gravity dam designed w ithout allowance for uplift, ‘that could 


not be’ fully accounted for by defects, either in construction or the 


oundation, 80 serious that even the additional w weight of a dam designed for 


ia: uplift , although it might have delayed, ‘would not have ‘prevented, its ultimate. 


The does" not wish to be understood as advocating the design 
gravity ‘dams without | provision for uplift either by additional weight in a 

‘straight dam or preferably by the use of ‘the arched gravity type where the 
topography will permit, but in his opinion Mr. Godfrey ‘neglects most 
a 


important requirement for a gravity type masonry dam, which is ‘that it 
should be founded ‘upon a bed- rock at least as strong and durable and as 


tyr truly ¢ elastic as the masonry, in ‘the sense that it should yield only elastically 


* to the load imposed t upon it by the dam. If the foundation yields inelastically, — 
as any material except ‘solid rock will, and thus does not recover from the 


compression when the load is removed, the material does” not make a safe 


~The writer “called attention ‘to. two important ‘elements of strength gaine 

Bb fr rom building ‘gravity dams’ ‘upon a hard solid rock foundation resulting from f 


ae the union which takes. place between the concrete and the bed- rock. . This i in- 


creases the resistance to sliding on se an eliminates uplift ¢ on 


all that part of the base. ‘where the concrete is in “proper with the 
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Mr. Godfrey compares porous concrete tube made of sponge with an 
ute er skin which is elastic and i impervious and attached to the body of the 


tenes filled tube and 1 finds, of course, that the resistance of the sponge to 


the expansion of ‘the ‘tube causes tension in its fibers. The } principle stated 


the writer. Ww as that no uplift w was caused in a homogenous mass of. 


crete by water under pressure in its | pores. | _ The writer did not claim that 
— a vertical column of the concrete were enclosed i in a water- tight tube there 
would be no tension in. its walls if water under pressure were introduced 


he ‘tube; nor ¢ did he claim that there would be no horizontal tension in 


Me the concrete if it were attached to and made a part ‘of the tube. 


The writer cannot follow Mr. Godfrey’ 8 reasoning in citing as an example 


ea of uplift due to ‘pressure: in the pores of concrete, ‘the case of a pier which 


Wed he says was lifted by water pressure that entered a horizontal construction 


The great weight of, the pier * # well as what tensile strength 


the concrete possessed, were not sufficient to. overcome the water ‘pressure 


in the pores of this concrete, which, by Mr. ‘Wiley’s statement of the case, 
should be balanced and equal 
aa It is not clear whether Mr. Godfrey thinks the uplift was due to water 


in the horizontal joint as he first indicates, or to water pres- 


sure in the pores of the solid concrete as he next. asserts. Mr. Godfrey 


aleo 3 mistaken in ‘attributing to the writer. a statement that there would be 


no uplift in an open horizontal construction joint. | The writer specifically 


Pi: under pressure”, a. In another instance he stated, “ in the case of an open hori- 


pointed out “that every seam or void i in a ARRONEY,,; dam. is filled with w ater 


Ay zontal joint in he: concrete * * * there is s uplift for which allowance 


_ The writer also ‘differs radically from Mr. Godfrey’ 8 views abort the fune- 


ae sidered as preventing uplift, but. acts like: the cut- -off wall in reducing it. 


| 


Mr. Godfrey’ s conception of grouting seems to be that. it consists of pouring 


mortar into an and visible opening and his statements: that: 


tion and the value of grouting. Ih the first place it is not generally 


yt De “Tt would be quite impossible to grout up a crack” ; (2) “tt stands to reason 


solid | ‘cement or colloidal cement will not penetrate, thin crevices where 


water may freely go? and (8) some of. ‘these [rock seams] may be in 


direction just beneath the | base of a dam, and drilling not 


disclose their presence. The ‘eracks most difficult to grout are the hori- 


¥: zontal ones and these a are the greatest ‘menace to the stability. of the dam”. 


Al these quotations would apply. if the process of ‘grouting were to be 


§ to pouring mortar or grout, into foundation defects exposed | by the 


excavation, but they are not. ‘relevant to the process of “pressure | 


_ which ¢ consists in forcing § a thin mixture of cement grout under high pres- 
sures through drill holes caiundlees to considerable. depths below the excavated 


i pa foundation. This is the process universally used fc for high masonry dam foun 
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- ation, the writer thinks, partly because of the possibility of the sealing of 


=such a foundation would only delay the time of failure. 


bility of upward pressure entirely, ‘it certainly re reduces it by increasing 2 the 


imperviousness of the e rock at the heel of the dam. 
wf Godfrey’s criticism of drainage as a relief for uplift has some justifi- 


drains by ‘mineral deposits, and partly because of the. danger of deteriora- 


tion of the concrete or of the’ foundation by short path which it offers 


ie. In Mr. Godfrey’s concluding paragraph h he oneal the writer of over- 
the necessity of providing ‘ ‘gigantic abutments” arched dam: 
where such dams are not built in “rock gorges”, and thinks that if the cost 


of such abutments were added to fhe cost of the dam the economy of the 


— An arched conerete dam is alwe ays built in a rock gorge and every part 


@ the dam is ‘always ‘supposed to be on a ‘solid rock foundation, the sides a. 
the gorge constituting the massive abutments which Mr. Godfrey correctly ie 

—— seems to the writer that Mr. Godfrey has failed to give proper a 


the character of the foundation and that he assumes that defects in this 

Vital part can be remedied by increasing the dimensions of the dam to pro: 
for “uplift. writer believes that provision should be made for ‘uplift 

= ihe by arch action or by gravity, | but he does _ not believe that either will = 


make a safe dam on ‘the kind of foundation that t Mr. Godfrey discusses, one 

in which, for instance, “excessive soil pressure due to weight * * would 


ig) make the dam sink”, or another in which “it would be ‘impossible for 
rock, no matter how aval a quality, to issue in a “blow- out. Only: fluid o 


mi-fluid soil could be forced out from beneath the base of a 


. seems to the v writer that no better des description than these quotations — 
pas be | giv en. of an absolutely unsuitable material for the foundation of a 


high masonry dam, and that increasing the dimensions of a masonry dam 0! 


ok 
akobsen* objects to the writer’ reference to the Exchequer 


a arched gravity type because i in the paper an arched gravity dam has been 
defined : as one having a ‘section capable of carrying the full load by its weight 


alone and having, in addition thereto, the ‘resistance of the massive horizontal 


arch. Mr. Jakobsen insists upon analyzing the gravity action of an arched 
gravity am by considering the water pressure as applied to its developed 


up. -stream face while its weight is reduced by the convergence of “the: radii. 
a The writer contends that ‘instead of applying the water pressure to the devel- 


length of the up-stream face « of the arch» it should be applied to its 


projection upon ‘the plane of the chord, which would give ‘the same total water Mi: 

kan tending to slide or overturn | the arched dam as there would be on t the st 


_ corresponding straight dam, while ‘the volume of the arched dam of the same fz 


* section would be considerably larger and its resistance to ‘either sliding or 


overturning, without considering arch action, would be. greater than for ‘the 
straight dam. Ati is only | when the water pressure upon an ee of ‘the — 


E., April, 1930, Papers and Discussions, p. 867. 
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straight dam of the same “section, assumes the arched to be converted 


Me into a straight dam of length « equal to the developed up- stream face of the 

ee ; arch, the water pressure upon the straight face being resisted by a series of 
independent buttresses, each of unit section touching 

This would lead 


ae. the up- -stream face and formed by converging » radial planes. 


could \ with | equal stability be expagded straight dam closing 
valley as much wider than the > actual valley a as the curved face of the arch 


is longer than its chord. ‘The writer’ objection i is that Mr. Jakobsen neglects: 


to what the writer considers the illogical conclusion that an arched gravity a 


the fact that the water ‘pressure upon the face of an arched dam ¢ an be 
tt 
resolved into components, one acting normal to chord of the arc. 
nd resisted by sliding friction, ‘or shear, and cantilever, or 
_ moments, and the other acting porate to the chord of the arch and causing - 


. Jakobsen’ contends ‘that a transfer of some part of load from 


fe the cantilever to the arch, even where there | are ‘no open joints extending 7 


tirely ‘through the dam, may be prevented | by a state of tension in the 


conerete due to shrinkage. The writer thinks it only Teasonable to assume 


that where. ‘radial ‘contraction joints have been provided—as_ is now almost 
universal | practice—tension in the concrete between these joints may be con- 


sidered : as eliminated. ‘The w riter also thinks that i in a ‘relatively thick arched a 
a 


gravity dam shrinkage due either: to temperature or to ‘setting in air is. 


confined to the ' near the faces, while the interior, which 
tected from temperature changes and ‘Froah setting in air, tends to expand 


due to. subsequent hlacuttins of the coarser particles of the cement clinker, 
rather than to shrink in the process, of setting 
a Mr. Jakobsen intimates that there i is an inconsistency betw pide the writer's 4 
position in this respect and the quotation to the effect that 
years ago he considered all stresses in arched dams to be transmitted either 


in horizontal or vertical planes. The writer cannot see that these views ‘are ; 


The shrinkage crack in the Mulholland Dam ‘mentioned by Mr. Jakob- 


has been previously referred to by the writer as having been ‘show n by 
to be a superficial crack with a ‘depth of less ‘than 20 


In explanation of Mr. Sakobsen’ 8 quotation from an article by. the w writer 
to’ the effect that if contraction joints are not provided i in high concrete dams — 
eontraction cracks, will form, the writer is still of the same opinion, except 


later experience has convinced him that even where contraction joints 


in arched gravity ‘dams the opening of the joints 


Par 


43 y 
pressure grout- 


ing of contraction joints would ‘result only in filling them or a distance of 
15 or 20 ft. from the surface, a conc clusion which follows from ‘the writer's 
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opinion that the opening of joints does not extend 
more than this distance beyond the faces. _ The writer recognizes the fact 

that grout might be forced with an intensity - sufficient to tear apart | a closed 
contraction joint, and that in a case where, due to” construction ath 
open eracks found to extend entirely through an arched dam, 
grouting may made to fill entire joint. conelnsions: regarding 


reve 


action. _ The writer has already discussed the assumption previously made by | 


+ Mr. Jakobsen that there might be a state of tension with no’ open crack, and — 
has stated his conviction that it was untenable. In this case, too, there —— 
the further condition that tension between open joints would not affect the 
“result. In the case. of an arched gravity dam, as. the pressure in the reser- 
y voir is ‘maintained, | there must be some point where the joints are tight. ‘The 
most unfavorable case for arch action would be that in which the joints were — 
open. all the way through, except for a tight seal at the down-stream face 


The water in th the joints normal t to the faces of the radial sides 


“at, the down- stream so that unit of the stream face exposed to 


unbalanced water pressure would be resisted by a gr ravity ‘section with parallel 
sides, and would ‘the same stability as a straight ‘gravity dam of the 

The w writer wishes it understood he is. not advocating the construc- 

of arched gravity dams_ with open 1 radial ‘contraction joints sealed at 

the down-stream face. ‘He is simply. attempting to show t that, even if. what 
he believes to be the untenable assumption—that 
cannot act as an arch because of open contraction joints—were_ correct, the 


would still have stability equal to that of a straight gravity dam of the 


Parsons* “questions action, in an ‘an arched gravity dom 


: having the same section asa straight gravity dam would offset the reduction i 
in gravity action | due to the convergence of the radii. The writer thinks 


he has shown in his reply to Mr. iJ akobsen that, neglecting arch action, an 


a a straight gravity dam when proper is maintained between the water 


pressure and the resistance of each dam. In fact, the arched gravity dam 
has” the ‘greater | lal because the ‘water pressure tending to cause ating 
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ly at Mr, Jakobsen asks for further explanation, illustrated by a 4 7 
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normal to and parallel to the center line of the segment. The normal com- ae a 
ponents acting on the opposite sides of the segment will only cause compres- wee 1 
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for the same vertical straight and 


regrets that he Mr Parsons and others: have 


* and was trying 
to account for its general neglect in the past with apparent immunity from 
failure where other conditions were favorable. a ‘Uplift is one of the most 
is illusive of phenomena, and it may vary under different conditions in the same 
dam from 100% of the head on 100% of the area to zero. A gauge tapped 
a into a uniform concrete near the u ‘up- -stream face of a dam would probably 
_ show reservoir pressure, | but, as s the ¥ writer has attempted to to show, there: would 
be x no uplift in the body of the e ‘concrete. be Gauges or pressure pipes tapped into 
the bed-rock at the base of the dam which show pressure head | do not 
necessarily indicate uplift on the base, yl but show potential pressure which 
may become active pressure, or ‘uplift, in a defective bed- rock connection, 
just as the potential pressure shown n by the gauge » embedded i in the body of 


the ‘concrete may become active pressure in a non- -homogenous- condition 
of the concrete, ‘such as its intersection by an open horizontal joint or by 
ie a layer of porous concrete. - For this - reason uplift should be provided against, 
and the writer | thinks” that in the deep and narrow valleys or “gorges where 
high dams are abunlly built, this can be done most effectively by designing the 


‘i dam so as to take advantage of its ‘resistance both as a horizontal arch and as 
gett The writer agrees with Mr. Werner+ that it would not be advisable to 
"design an arched gravity dam with open contraction joints ‘sealed at the 


a down-stream face. He does not wish to be understood as advocating such 


a design any ‘more than Mr. Werner advocates the design of a curved dam 
— with | a convex down-stream face just because he called attention to the fact 
a that “under certain conditions it might be more stable | than a straight dam 
ie The writer agrees with Mr. Werner’ s views as to non- -existence ‘a “uplift 
a in the voids of a homogeneous ‘mass of ‘concrete, and a: as to there being an 
unbalanced pressure between strata of unequal porosity. Th he writer does 
not 2 agree with the view that this would lead - to uplift at a point of perfect 
contact between the masonry and a rock that is free from seams and voids. | 


Mn J orgensen} questions the writer’s conclusion | that “the contraction 


_ join s of an arched gravity dam do not prevent arch action” , and states that 
‘most large ar 
ei He refers especially to. the Exchequer Dam and states that it wa teneion in 
the | ‘up-stream face and that it is physically impossible - for it to receive any 
from arch action in the winter because of open contraction: joints. 
Bd -» ‘The tension in the. up -stream face of the Exchequer Dam, asserted by Mr. 


Jorgensen, — exists” upon the there is no arch action 


7 Loc. cit., 


Loc. cit., p. 1051. 
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has been discussed by the writer in his reply Mr. akobsen. 
absence of arch net 


4 


pressure is as “upon” the developed u up- -stream face 


instead of upon its projection ‘upon the chord . This is an assumption which 


Creager’ discussion* of the possible of the sold théoried 


design applied to the much higher dams contemplated for the future, 
very timely and well considered. The writer believes that the 


iffeulty of providing an ample margin ¢ 1 of safety against, sliding and against 
tension as ‘the height of dams is increased can be most. efficiently provided es 


nA designs i inw hich arch resistance is used i in addition to gravity action. 
Florist attempts: to show ‘upon ‘the basis of the ‘theory. of Professor 


Fillunger, that the writer's. claims with ‘respect to the absence of uplift. due 
to water pressure in the voids of a conerete dam are erroneous. — His expl ana- = 


tion: of the theory is not entirely clear, nor i his. statement of the. writer's 


views entirely, correct. assertion that the writer limits uplift in a dam to 


- horizontal seams in the rock foun idation or to horizontal construction joints _ 
in the concrete is not consistent with the writer’s claims which are a> 
LA “there is no uplift in the body of a homogeneous mass of concrete, y.§ aa 
nor in a perfect connection between the dam and the bed-rock, except that 


which | may be due to a different. degree of porosity in the | concrete and the 


the writer understands Mr. Floris correctly his” interpretation of Pro-— 


fessor Fillunger’s theory is that there would be no ‘uplift from pressure in aq d 
_ the pores of a concrete dam unless there is greater resistance in one direction pes 


than i in another, ‘such as would result from one part being more porous than 
~ another, or from the difference in porosity of the cement paste > and the aggre bp ‘ 
gates. 7 This is not essentially different from the writer’s theory which i is based — a { 


entirely on the homogeneity of the mass of concrete. it is impossible from oa 
. Floris’ discussion: to evaluate the amount of uplift which he claims would es) 


t from the difference porosity of the various constituents ‘of ‘the: 
con nerete, but from the fact that the voids in the concrete would probably not ee 
exceed 6% of the volume and that it is only to the area of this aa toh on “ 


of voids that the difference in uplift (if there should be any) would . apply, 


it ‘seems evident that it would be a negligible amount. ei 


conclusion of Professor Fillunger from his experiments that 


Floris | explains apparent error by some details of the 
rom which it appears that. eylinders made of alternate disks of tight and — ; 


4 orous mortar were found to have practically 1 no tensile strength in excess 


that required to offset unbalanced pressures due to water pressures of 
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On the other hand, the tensile strengt 


water pressure e pores due to alternate layers porous mortar, 


an 


and. the other the p pressure in the p pores. of. the homogenous mortar inal 
"balanced so that no interior pressure affected the strength of the mortar. avi ar 
So far as the w riter is able to. determine there is no conflict betwee nm his: 


“own conclusions and those of Professor ‘Fillunger, except with ‘respect, 


f whether concrete used in high dam construction can | be considered 
i similar to the alternate layers. of tight and porous “mortar designed to g five 


unbalanced pore pressures in Professor Fillunger’s experiment first quoted, or 7 

a whether it more “nearly resembles the uniform mortar used in the last 

Mr Wright* gives the commonly accepted opinion of the resistance 

‘sliding due ‘to friction of a dam upon its base or upon seams in the rock 


ey beneath the base, as 55 to 70% of the weight. ~The writer believes that the 


most common cause of failure of straight: gravity dams is sliding ‘upon a 
more or less plastic seam in the rock a ‘short distance below ‘the base. 


Tn such cases the sliding coefficient may be very much less than the assumed 
( minimum of 55%, but Guth j in that case results from a defective a 


which no design might be able to provide against. 
fae 
. Mr. Wright cites a case in which practically 1 no bond was found between 


conerete a nd limestone’ bed- rock under a pier at the Wilson Dam. There is 


a theory that old concrete Which has set in air forms a surface of calcium 
carbonate which wills not make a a bond ._ Experience 


 erete. From the writer’s experience he would conclude that with the usual q 


-eare in cleaning and bonding to bed- rock, ,a | perfect bond could be made with 
other than limestone bed-rock or, at least, with mica ‘schist and sands es, 
The writer, in closing, wishes to thank all those who have joined in the 
discussion of his | paper. to exsia oll lo aft 


F 


many experts. The attention which thus given to a difficult 
shows the ; papers grouped in n the Symposium to have been oppor tune, 
It is noted that Mr. Noetzli§ and Mr. s share the writer’s opinion 
- that there is strong probability t that shrinkage cracks parallel to the water face — 
form i in. massive concrete of very high gravity dams, that if formed 


Mr. Noetzli defends the provision of w ll- drained contraction joints 
to the dry slope contained in the specifications of the San Gabriel Dam, and 


500, ‘Papers and Discussions, p. 371. 
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nnection dam of ‘mprecedented without, however, 


have: the of side ‘obviating on the 
_ thorough | interior drainage of joints necessary i in gravity dams. There is : 
“5 least: one precedent for such joints in an arch ‘gravity dam, namely, the Smet 


water Dam, i in Southern California, which as a result of being raised has” 


was by the difference i in age the old masonry 
He and the new concrete, but no difficulties appear to have resulted. 


oncr‘ nimeul’ r to 


ee Tt is. obvious that precautions may be advisable in dams of unprecedented 


height, which have not had to be used in lower structures and. which are con- te ie 
sequently an innovation. The caution advocated by Mr. Jakobsen i in the 
ce innovations in high dam construction is very proper, provided it does not 


dead to. the mere copying of precedent i in lower structures. 
Attention was called in the writer’s papert to other meang at hand to ail 


of massive concrete, namely, cooling ‘the aggregates: and 
pea water or building the dam with large precast conerete blocks, to be 


‘placed 3 in the dam after chemical heat become fully. dissipated. In sum- 
mer construction, such blocks can also be» pre- -cooled. It is not ‘certain: that 


much, if any, serious extra cost: is involved i in the latter method, although its Rey ot 
deviation from ordinary practice may lead contractors: to bid | on the safe side. Soy 


At any rate, the construction: of unusually massive concret 


dams, safety does demand that precautions are taken against the s 


of excessive thermal stresses in the mass and the formation of cracks shiek 


may completely change the distribution of stresses assumed i in the design. 
o This is even more ‘true when the tendency is. considered, in the manufac 


ture of cement, to increase the fineness of grinding, w which leads to earlier 


of strength and greater temperature rise. Careful study should 
made of of cem nent which will ina reduction of temperature 


is desirable effect of -admix of siliceous. substances like 


a which i is understood to be freely used i in Europe, and of pum 
earth, and similar materials used in this country 


There is some evidence to show that heat generation wo! b by 


the use of such admixtures without resulting ix in loss of strength 


- tht admixtures may have an unexpected effect. In these two cases there has Pa 


eloped a tendency to surface’ disintegration. Evidently, a high of 
caution must be exercised'i in of admixtures on” a 


both although this dam may not be built, comn his prov 1 

inced 

was ar 
___“Gontraction joints paratlel to the down-stream slope have worked we 

das 

give 

to 
rock 

t the 

Mion 

weell 

re 1s 

ut 

with 

ject — 

face 

rmed 
— 
ams. 

allel 
and 
4 
ot 
Loe, cit., November, 1929, Papers and Discussions, p. 2327. 


-resea 
rings Dam, near San Francisco, in block The ways 


result there” obtained be partly “more 


“important may 1 have been. the slow rate construction progress and the q 


relative coarse grinding of the cement, 90% passing through a 50- mesh sieve.* | sum] 
The mere fact, of casting concrete in blocks would probably not have saved > ns 


“the stru eture from cracks if, it had been built with present-day speed and 


cement. In fact, one. fine crack across the top observed by the writer 


in 1906 , which apparently passes indifferently 


tion by reducing ‘the height of lifts as s against ighe admitted disadvantage of 


more numerous construction joints. He admits that thinner lifts would favor 
Bases temperature, but fears a a result of rapid —— and drying, that through 


moist for : an period, and especially. of lifts until 
_ by the succeeding lift. _ The average time of exposure is usually not very long” 


where there has been ‘seasonal suspension of work, writer 


never observed cracks in the top surface of lifts where they, were wet. i t* 4 


; ‘On the other hand he does not share the hope. expressed by Mr. Wr ight 
that thin lifts would favor a break of joints in crack formation i in successive 
lifts—the adherence between lifts and the tendency in concrete for cracks once 


‘a 


Vertical cracks approximately parallel to ‘the water toon and near the toe 


“may introduee immediate ‘danger i in straight gravity dams. In arched dams 
are strenuously to be svoided,. but they do not introduce ame ele- 

of danger because they need not interfere with arch action. ag 


Mr Noetzli to the Owyhee and Boulder Canyon Dams of 


Godfrey that it t is's standard to unde: press 


n gravity dam: design. 
1920, or even as far back as 1910, ‘it is that. this cha 


He quotes the writer as having given the impression that under-pressure is 


ily averted or avoided. . This i is hardly i in harmony with the fact that penn: 


he 


a was. given considerable prominence in the writer’ S paper, nor with ‘the state- 


ment} occurring therein that, ‘ if allowance: 
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research The kmowledge thus far gathered shows in two 
that assumptions concerning uplift in recent dam design have been * 
F ample. — ‘Uplift pressures as measured have been less in each case, where tested, _ 
than allowances made in the design ; and investigation indicates that the as- 


“sumption that such pressure is effective over 100% o of the base, is very con- 


‘There i is good to. believe that. with careful construction this 


© 


down 1 the common assumption ‘of 100% uplift area because it 
MY is in this matter of uplift that an ample factor of safety i is most necessary. Bib. 


in of drains in their immediate vicinity. ~The wr writer has” 
never observed such effect of freezing and believes that, where drains 
into open gutters in drainage galleries (as i is now ‘usually the case), no danger 


a from. freezing can exist. ish 


Research a as to uplift also indicates uniformly the ‘reasonable | effectiveness 


“of properly. spaced drains wherever ‘points to measure uplift pressures have 
installed. is, however, of value to have present- -day practice ques- 
tioned as to effectiveness, because this should lead to closer attention 


details. One requirement should be that drains must be straight and easily | 
for cleaning, and this detail i is too often disregarded. 
2 An interesting « question raised by Mr. Godfrey is that of buoyancy Fay the fe 
of concrete resting ona foundation below the level of back- water. It has 


been the writer’ 3 ractice to consider full buoyancy. He believes, however, that - 
complete buoyancy due to tail-water can exist, ‘because of the ‘adherence 


ue concrete to rock, or to concrete, and that its assumption in itself contains a 
| considerable element of safety. aah 


Godfrey’ s statement that tests for high dams | have shown under- 
oof practically 100% | back- water pressure after sufficient time has elapsed, is 
_ admitted where any pressure is found to exist. % It is the area over which this 
r. Godfrey applies the term | “standard dam n design” to arching eravity . 


te The writer cannot agree Ho this 2 and knows only of a few cases ol 
this charge might hold true, the most notorious of which is | the ‘St. Fran 


Mr. Jakobsen argues ‘that “gravity ‘dams should be as such, 
irrespective of arch action, and that arch dams should be designed as such irre- 


spective of gravity action.” Such conclusion appears to the writer to be 
—ultra- conservative, There seems to be no reason why an analysis of 8 resses, 


such, for instance, as that by the trial-load method, taking into” consideration 
temperature drop, tangential ‘hear, | and twist, should not be made the basis” 


er _ ‘The complexity of the calculations might tend to create | doubt as to t the 
| dependence to be placed on the result. Yet the highly satisfactory coincidence 


etween calculated and estimated d deflections: in models establishes confidence 
in ‘the reliability of the method. ‘The uncertainty as to > the elastic qualities, 


fi) 


rete used a nd the seemingly unavoidable errors in some of 
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 comed. dam has not been brought up to its maximum intended height 
therefore, has great excess strength. This statement should have been 


ineluded i in the original paper, but was ‘unintentionally omitted. 
i iP As to cracks parallel to the water face in gravity dams, Mr. Jakobsen sug- 


Wak 


gests that Some cracks noted in galleries extend only a short distance 
into the mass. This fact is difficult to determine, although where w water oozes 


a from such cracks the probability may well be that it | extends for a -consider- 


ie able distance. One rack was observed a few years ago in the Elephant Butte 


ie Dam) in one of the cross galleries. Its position in this case robs this fact of 


‘serious. significance, as it occurs about 10 ft. dow stream: from the main 
gallery and consequently, far up stream from the toe, where such cracks. 


would be most dangerous. — It is significant that water ‘slowly oozing from this 
crack indicates that the vertical drainage system is not 100% effective. The 
ent or depth of this crack is unknown. 
Tn the Bull Run Dam a erack parallel to the water face has been observed — 
the cross galleries only 40 ft. from the toe. It is: very fine and | 


extends the ‘gallery, but on neither side of ‘the, gallery does it ‘Teac 
floor level; nor is there any visible crack in the floor. "Careful serutin 


failed to reveal any i in the surface of the. dam slope above its ap 

‘pearance tm the gallery, and the strong probability is that ‘the gallery au 

a superficial in in character and due to rapid air cooling and drying. ce 


—_ careful examination of cracks, their location, and probable ‘eee in th 

major concrete dams i in the West, is now being sede by the U. S. Reclamation : 
au, and should yield valuable results. 


ay 


“ 


the horizontal water loading is a valuable to the discu 


from Mr. Parsons.* The argument applies equally to uplift which may e 
“along construction joints within the body of a dam a: and indicates th 


ue ability of giving ‘construction joints in concrete an upward pitch i 


= 
tas This expedient as regards the down- ‘stream half of the dam was adopted 
in . the construction | of the ‘Bull ‘Run Dam and is also applied to the ‘gravity 


es abutments | of ‘the Ariel Dam, on the Lewis River, in Washington. In both 


eases the more important object i in mind was to avoid flat construction telus 


Jakobsen very properly « calls. attention to the error w ich may be 
involved in the assumption that the vertical stress distribution acros 


hori: ontal plane i ina concrete dam i is linear. 7 he 1908, the Ottley and Bright- 


‘mere, as well as ‘the Wilson and Gore, experiments with models, previously 


"mentioned indicate that. this assumption, while it may be approximately 


rect at higher elevations, is in error near and at the base. In themselves es chad 
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maximum in a to exceed the maximum found with 

wel- linear” distribution. Nor do they necessarily indicate tension at the water 

sight § face where compression was previously found; but they raise a serious doubt. 2 

This doubt is understood to be confirmed as a result of Mr. Jakobsen’s appli- 

cation of t the theory of least work to this problem. 

‘sug- oe, ee _ These uncertainties may well have a bearing on the justifiability of arching — “ 

a gravity dam in regard to v which Mr. Werner* and ‘Mr. Hannat argue that 

sozes additional expense is not warranted. To the writer it seems that, whether or not a 

Ble a curved gravity d dam, after cooling, acts in all ‘its parts as an arch dam when > - 

Zutte oaded, is not the only question. A relatively high dam will probably do so, 
of ‘its height, as a a result of cantilever deflection. The 


avior will depend on numerous factors, especially temperature drop after 
arch closure. or after pressure grouting of contraction ‘joints. However, as- 


racks 
this suming ‘that the dam does not initially act as an arch and that actual down- 
feng Gs ream movement on its s base or on higher planes must take place to put arch. 
sv action into full play, an considering that it is only by sliding that gravity 
er dams have failed, then it appears that, if the abutments are capable of Lie i" 
arch thrust, a greater degree o of safety must result from arching a gravity 
and dam to a reasonably effective radius. This added margin of safety is, in the 

reach writer’ s opinion, worth considerable extra. expense, at least until the forces due 
utiny _ to uplift and those opposing sliding, as well as the interior stresses in the ec con-- 4 e 
is a! e ets especially near the water face, can be estimated with greater ‘certainty 
writer agrees with Mr. that there is no reason why an arch 

- the dam should not be built as high as any gravity dam on sites where it would 

‘fit—that is, where the nature of the rock as well as 
ing Creager$§ | argues that the tensile strength of concrete “dha? up- 
dition face of a gravity dam, as well as the shearing strength along sliding aay 
ission 


: if treated as margins of safety, are of far smaller relative value i in a high © 


4 than in a low dam. This argument is sound and should lead to the adoption - 
esir- 


of relatively safer sections for dams of increased height. 
Hazen|| has performed real service in urging ‘increased caution in 
ravity 

both ‘kill and j 
joints signing engineer... 
delineate accurately, the masses to be opposed to. water. 
ra i es The writer has confined his et efforts to the technique of ‘construction, , and hi 

the technology of temporary structures for use in carrying out the 
ross 
Proceedings, Am. (Cc. 1980, Papars and Discussions, 
ly cor $ Loo, cit., p. 1052. 
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“lightening and sometimes “contentious disappointing. is unfortanately 


a 


true, in the writer’s s opinion, that many dams are -cheapened for financial rea-_ 
ons beyond the limits of | sound engineering. - He has observed all too many 


uch structures ; however, he is also sensible to the fact that an engineer worthy | 


the name must “do with one dollar what any one can do with two. 


aa Because. of capital investment the tendency to- day in concrete dams is ae 


design for’ ngth at the sacrifice of impermeability, particularly in high 

dams where the cubic yardage is a progressive ratio function of the. height. a 


This is a mistake. The addition of ‘pumice to produce lower permeability and 


overcome laitance deposits should be ‘encouraged. It is claimed that the addi 
ion of f pumice will reduce shrinkage which, of course, is. much, to be desired - 


and investigations to prove this point should not be | delayed. 
_— Shrinkage cracking in the: mass can be controlled to a great extent by 
attention to water-cement ratio, proper relationships in age sregates and their 
a 4 size, and by the methods and ti times of deposit in the forms. The addition n of 


ae ample reinforcing steel, while costly, is effective. Properly embedded steel 


will last indefinitely. The ‘shape of the pouri1 ng | block and its dimensions and 
Ps speed of construction are matters of controversy, and, even with such a splen-_ 


? 


did example as the ‘Crystal Springs Dam, some substantial experimental work 
4 should be done i in this field to determine the proper geometrical shapes before 


decision as to good practice should be adopted. 


The writer agrees w ith Mr. Noetzli* that the theory of principal inclined 


stresses is valid. During the construction of several | important. dams, he has 


the | actuality of dangerous cracking, which could have been 
a by the application. of this theory in the design. _ The writer has seen’ cracks 
develop rapidly both transversely and longitudinally during construction of 


large small dams, in speedily as well as» in slowly built work. He con- 
cludes, therefore, that speedy construction i is” not necessarily a concomitant 


ne: 
cause for shrinkage cracking. "Different cements. and aguregates and 


have marked effects, as do times of day in which the conerete is poured. Pro- 
tection from sun and wind and sufficient curing water applied between initial 

‘and final setting minimizes “drying out” or primary shrinkage. bs 
The writer’s “observations, working under the specifications of eminent 


% authorities have led him to conclude that while many of the vagaries of con- 
“1 ‘struction may be blamed for partial failures, there is still a large amount of 


ahi) 


ye perimental data available as to what is good practice in the matter of concrete 


guessing as to what constitutes good practice, and enough conclusive 


for either gravity or other t types of dams. Among other 1 things, he believes 
that to specify nev er less than a barrel of cement to the yard is good practice. 
In the matter of foundation uplift, the believes that the structural 


"geology of the sites answers criticisms. Basalt will require a differ 


_—_~=# + intention for the permanent dam. In constructing several dams he has ob- aA 
served a wide divergence of opinion between designers as to the effect of con- 
erete cracking and uplift pressures. Each designer will set forth his best 
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TRIPP ON HIGH DAMS 


ent treatment nt from an upturned ora “massive ®felsite, ‘The v writer 


q 
= cases, under his observation, it been considered in, nellified 


design. He does not agree, however, that proper drainage and either cement — 

asphalt grouting control this force to a large extent. 
he Uplift: between onstruction joints is e easily controlled by horizontal copper | 
water- stops, 1 proper joint cleaning, and youring of succeeding layers of con- 


It is certain that the « contact” ‘between a ‘thoroughly cleaned bed-rock 


and concrete is always tight and 1 that uplift i is of no possible consequence in 7 
that plane. The | joints ‘and seams below the dam are the . danger spots. The 
shaping of stable. has valent f effect desired by the 
‘the rock masses are suitable. 


a of the hidden fects. to be 
¥ further investigation, it does not seem wise to ) predict either the type or i 


Am. Cc. E., 1930, and Discussions, p. 873. 
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red § Finally, the construction of the dam must be manipulated and controlled § §& 
— = adequate and necessary plant. The fitting of plant to design conditions ot _~ 
by § and specification limitations, should be understood by the directing engineer 
heir to the end that design and construction should work to the final result of wee - 
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GONSTRUCTION OF THE 

J: AMES RIVER BRIDGE PRO. 


7 Discussion* 


By R. E B. Pope,t Assoc. M. Am. Soc. C. 


therefore, there is need for a reply | by the authors except to “express 
Mr. Ballard{ has brought out very clearly thi the fact that the various 


formulas in general use cannot be relied upon to govern the driving « or deter- — 4 
mine the safe ca . carrying eapacity of the large concrete piles which were used oe 


The discussion by Mr. ” Willoughby** has clarified certain details of design = 
7 ‘that had merely been outlined in the paper. His comments in regard to the 
~ machinery for operating | the lift span are of particular interest in view of the 


first applications of direct drive to large lift spans. bed Tha if how 


?. Discussion on the paper by R. C. Wilson, Esq., and Herbert B. Pope, Assoc. M.. 


Am. § 


t Vice-Pres., Turner Constr. Co., New York, N. Y 
Supt. of Constr., Turner Constr. Co., Asbury Park, N. 


é || Received by the Secretary, June 27, 1930. 
1 Proceedings, Am. Soc. C. E., April, 1930, Papers and Discussions, p 


** Loc. 0. ott., ‘May, 1930, Papers and p. 10 
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namely, behavior of current ‘meters wi ith runners in turbulent currents. 5 


= pedient to. distinguish between “screw wheels” and ‘ ‘cup wheels,” the type of 


ENGINEERS 


ss *Phis Society is not responsible for any statement made or opinion expres 


OF TURI E ON THE 


+ 


Dr.-Ing. Lupwie (by letter).t—The solution to numerous 


e concerning discharge measurements. is eagerly awaited by many y engineers. 


This paper affords a welcome opportunity to discuss one of those 


a 


. eu During the sixteen 3 years since 1914. the writer has repeatedly made practical 
_ experiments on this subject and has in general: arrived at results similar to 

those described by the authors. w riter’ s experience ha: has convinced him, 


however, that i in studying meter behavior in oblique | currents (always, 


assuming the meter rigidly supported at the section), it is inex- 


runner effecting a difference in grade only but. not in principle. 4 The essential 
_ feature is not the shape 0 of the runner, but the position of its axis in a relation — 


With oho shape of ‘any runner fixed, the number of revolutions for a definite 


flow ve 


and the runner axis, and in principle all the on a conic 


5 

around this axis are equivalent. Moreover, only i in one position of the 

8, that is, perpendicular to the measuring section, is the number of revo- +a" 


ek “Whether the runner is better provided | with screw blades or cups is a ques- 


¥ i tion that cannot be answered offhand as long as behavior i in the oblique current 
is the consideration. Perhaps some other important factors must be 


considered, such as the disturbance of the flow, the sensitiveness of recording, — 


ee Discussion of the paper by David L. Yarnell and _ Floyd AL Nagler, Members, Am. 
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OTT ON EFI FECT OF TURBULENCE ON CURRENT mErers [Pap 
ete. In either case, it is certain: 
a cup- -wheel in the same manner as a 
ae ri with its axis of rotation vertical to the measuring section. vearenaiaiae the 
of rotation should be parallel to the section. WA 


in oblique © currents, cup meters w ith their aie of rotation set parallel to 


wise, provided i the screw-wheel is of such a shape that it w ill revolve in tl 

position. The 2 writer has made a number of. experimen s with such runners. 


: ae They were shaped like five- -threaded twist drills and were 1 in. in Apmneter, 


24 34 in. long, and had a ‘a pitch of 6 in. 4 The e generatrix : of the helicoidal surface of 


- one of the screws was a straight line, e, whereas those of the second and third were 


conv ex and concave curves, respectively. hh the normal position, with the axis 
; 
a perpendicular to the measuring section, “all “three runners turned with — 


numbers of ‘revolutions like any other screw meter of suitable construction. 
[ a When the axis was placed parallel to the profile the first runner remained at 
rest. second and third turned forward and backward, respectively, with 


an increased speed (because the diameter was small pitch) 


analogous to that of right « or left- -turning cup ‘meters. 


ae ey To recapitulate: It is not the s shape of the runner, but : the position of its 
ae > that is essential ; in researches on the current-meter behavior in oblique 


SS ee most of his researches the writer has placed the current meters at various 
A eq 


angles in flowing water. Presumably Treviranus* \ was the first to adopt this 
method in his experiments. ‘5 Experience has proved, however, that sufficiently 


accurate quantitative evidence is not obtained i in all « cases. _ There are errors 


to be anticipated in currents, in the equation of « current 


the coefficients, A and B, do not, as a rule, change at the same rate for any 


Assume that a meter 1 is rated by towing, keeping | the axis parallel to the 
towing ear. (See Fig. 26.) ‘The result is expressed by 
_ Equation (1). ‘Then the same “meter is rated again with the axis at an angle, 
ae a, with the direction of the car (see Fig. ~ ins nate result i is s then expressed by: 


thus to be, 


One can see at a glance that Equ: itis! s (1) elit! (2) for any angle, a, ¢ 
* Treviranus, “Uber Verbesserungen in der Konstruktion und im Gebrauch des Wolt- 
-man’schen Fluegels” (‘‘On Improvements in the Construction and Application of the Woltman 
Current Meter”), Allgemeine Bauzeitung, Bd. 26, 1861, pp. 125-164. 


+ With regard to the theoretical derivation of this formula as a simplification of the 
on general om mere of the second order, see, Dr. L. A. Ott, “Theorie und Konstantenbestimmung 
ers’ 
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ee ratios, -— and -—, are ‘equal to the value, cos a. ‘Consequently, i in theory | a 


this is the fundamental requirement fora -called meter. 


* 


v 


In discharge 1 measurements similar to that in Fig. 28, Equation (4) is. 


a rule, of little use, meters wins positions of ‘the a axis 


de esirable that in current Baquation furnish, directly the 


« 


which, v the component perpendicular to the measur- 
1g section, and n n, the number of runner revolutions per ‘second. 
ha For the ideal component meter the ratio, of the number of revolutions 


in ikon to the number i in parallel flow (with equal absolute water velocities s) 


D8 a, — COS a) 
for ratings by Equations (1) and (2) are: available 


These equations: show that the cosine e ‘for the ratio, —, is only 


“mate revealing the qualities expected £ component meter. 


further explain - the fact expressed by the > authors* that for different absolute 


velocities the div e different. 


If ratings have been carried out according to Fig. or Equation 


respectively, it is quite easy to determine the percentage error which occurs 
in practice by applying Equation (5) instead of Equation (4). i v denotes 


* Proceedings, ‘Am. Soc. , December, 1929, Papers and 
Fig. 14, p. 2632. 
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velocity component from E quation 


correction, the result is expressed as follows: 
x an instance the following equations may be quoted which are the results 


very extensive ‘researches’ executed in 1905 with. ‘the. Ott Meter No. 385* 


L746 » 


bss Applying ‘Equation (8) when 1 using this meter rico oblique current of 15 
percentage of correction for the flow component in the direction of the. 


ay 


al 


be 4 


As will be seen, ‘the correction can be either positive or Bi is 
* 1%, 0%, , and — — -1%, respectively, for the \ velocities, 6.4 t ft. per sec., 2.1 ft. per 


4 
writer has studied particularly range 0° to 2 20° at intervals 


of 2° both to the right and the left. These small intervals were deemed neces- 

har sary, because otherwi ise irregularities in the: run of the curve may easily be over- 

looked or assumed to be ‘errors, in measuring. Since experience has proved 

Bis that 1 in practice larger obliquities of current can nearly always be avoided, it 

appears to be sufficient to limit the range to 20° when determining the cosine 

__ They writer cannot fully agree with 1 the statement in the ‘ “Introduction” of 

the paper restricting ‘the use of current meters to 

streams and open artificial channels. Europe, they a are the most favored 

= instruments for accurate discharge measurement in large pipe 2 lines. In. July, 


1929, comparative discharge measurements by various methods 


meters) were in one the the under. 


Es the impartial management of the Research Institute for Hydraulic and Hydro- 


Electric Structures in Munich. The measurements were carried out 
by experienced German and English | crews. The r sults” clearly showed the: 
superiority of the current meter for this very kind o f gauging, 1 thus increasing 


ss * Eger, Dix, Seifert, “Die Versuchsanstalt fiir Wasserbau und Schiffbau, Berlin. | Ver- 

suche mit Stromfliigelen” (‘Laboratory for Hydraulics and Shipbuilding in Berlin. Re 

on Current Meters’’), Zeitschrift fiir Bawwesen, Vol. 57, 1907, p. 266. 
& t Proceedings, Am. Soc, Cc; B., December, 1929, Papers and Discussions, D. 2611. 

‘Discharge Measurements at the Walchenseewerk”’ ), Zeitschrift des ‘deutscher 
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This ‘Society is not responsible for any statement or opinion 
vis 


SPECIFICATIONS 
FOR § STEE LR: ATLW AY BRIDGES 


"PREPARE BY CONFERENCE COMMITTEES FROM 


we 


ay” 


THE AMERICAN RAILWAY ENGINEERING ASSOCIATION | 


Mess s. Davip A. Mon rror, Henry Ss. ‘Pricuarn, AND R. H. C 


3 iar Davin A. M. AM. Soc. C. 3 (by letter). the Conference 


- Committeess ; submit new general specifications for steel railway bridges, ‘it iy 
natural to expect the product to be one which represents the last word on the 
subject. ‘Unless something a’ at least the equal of good modern practice is 


: < sented, the Society | can scarcely expect those specializing | in this branch of 


ks the profession | to. adopt such ‘Specifications ; and the effort to harmonize : and 

unify the practice | on a plane commensurate with ‘the present status of the 


The specifications make no mention of movable bridges and supposedly 


. ay to spans of all lengths. The unit stresses have been s lightly raised and 
lowered. The proposed live differs from 


the quality of steel has been | 
anything now in use; a new impact formula is ore: and wind loads have | 
The | time- honored custom of d 


ing, impact, and column formulas has been followed, while many matters of 


¥ lesser hod have been over- -emphasized. Economy receives little or 


mparative | 


‘deutscher 


_. * Discussion of the General Specifications for ‘Steel Railway Bridges, continued from 


if Structural Engr., Albert Kahn, Inc., Detroit, Mich. ate 


, December, 19289, Papers and Discussions, | p. 2641, et seq. a8 
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is surprising that the of steel should have been lowered to 


com amonly | used | for rivet steel, when a a medium grade of 60000 to 
0 Ib. per sq. in. tonne strength with an elastic limit of 35 000 Ib. per 


‘ii ‘gener ally used for railw vay bridges. This, in conjunction y with such 


The great ‘railroad systems the leading bridge engineers of the United 
States will continue to use their ov own specifications, for the very good 4 


that the new specifications do not appeal to them as a step in advance, 


aaa ‘The following comments, , while incomplete, are submitted as constructive 
[- ae. siiileen . The specifications should be limited to spans up to.450 ft. Larger 


tructures usually i involve details not applicable to br idges of the class herein 
idered. | The general clauses under ‘Section A might well be omitted as. 


‘jrrelevant the subject, or ‘should be elaborated into a complete ‘set of 


‘general conditions. Various changes in the form of the specifications: seem 


“Article 101. —Bridges shall be made of medium steel of 60 000 to 70 000 Ib. 


. tensile strength. Rivets shall be of soft s steel of 50000 to 60 000 


‘Ib. per sq. in. t tensile strea gth. 


Article 102.- —Limiting span lengths shall be: Balled beams for 


120 to 250 “te pin-~ or combination, truseee for spans 2 250 to 


+S 


at ‘Article 105.—The distance, center to center of tracks, shall be 13 ft., to be 


4 in. per degree of curve for tracks ona curve. 


“4 __ Article 208.—It the Cooper: loadings ‘are to be discarded it “would appear 


a better standard loading might be selected. 


has Article 204—The formula given is no particular the 

well-established formula ‘including ‘the factor, ————, which is simpler and 

gives about 5% more impact for -400- ft. spans, otherwise following closely the 


newer type. To use one-third as much i impact for ‘electric traction seems 


| 


Articles 212, 213, , 300, and These clauses the 


“WILLS. OF 


“the maximum minimum stress, member due | to 
& — load, live load, and impact, to which the centrifugal Joad shall be added 

| as a part of the live load for bridges on curves. — _ Tractive forces, except for @ 

“trestles, will ‘affect ‘the floor-beams only and must be carried from the stringers 
Laon track to the loaded chord through the lateral system at each end panel ¢ of 


Except the transferred wind load i in end ‘posts of i through bridges 


— 
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and tower legs, no wind stresses in any main truss eal, need be pide 
; ered for spans ‘up to 200 ft. in length. .. For or spans exceeding 200 ft., wind 
stresses in truss members ‘shall be considered in combination with the dead 
load, live load, and impact 
ne to § working stresses; and the areas hereby required shall govern if they - exceed ay 
“ei 8 the areas found for the dead load, live load, and impact without wind eS 


212. —Combined Axial and Bending g Stresses.— 
of a 
uctive 
Larger 
herein 
ted as 88 


when compressive; y is the distance from the neutral axis the center 


see m 

| of ‘gravity of t the section to the extreme fiber ; and r is the radius of gyration 
000 Ib. in the direction of bending. ~All units are in pounds and inches. 
Article 213(a).- —Members. subjected to dead and live toad stresses of 


a. character ana i in which the a maximum live load stress is pro oduced by al 


sum of the dead load, live impact stresses, on. the basis af the 


unit stresses” given in Article 301, as ‘the case ‘requires, applies 


38 than With the section thus obtained and a total ‘stress, 8, equal to the dead 2 


parance P “oad stress. plus twice the live load stress plus twice the impact stress, or a 


an one- dl +2 D), find th the ‘resulting overload in 
- tobe ie the live load. - Also, find the factor, = — (always s less than 2), which repre 


sents, the ratio. of increase in the unit f, due to 100% Thi 


-appeat 
ty be used as directed in Article 213(b). 


sles 


wer the bs ba ‘Article 218(b) —Members s subjected to dead and live load ‘stresses of the 


if same or “opposite ‘character in which the live load stress is produced by 
ad 
3 he partial loading | of the span, as for web members generally, shall be propor-— 


an 


- tioned for the algebraic sum of the dead load stress and twice the live load 
te stress and impact, using a unit stress, kf, in which, f is the allowable unit | stress 
” in tension or compression as the case ‘Tequires. — Where a reversal in live — 


load stress is ‘possible, the sectional area should be computed separately for — 
_ each combination with the dead load stress, and the larger area will govern 


the design. ; structure designed will have a uniform factor of safety 
. within the elastic limit, for an overload of 100% in the live load; or will 


7 have a factor of safety of more than 2 2 on the elastic limit for the assumed Si 


Article —Members subjected only to dead load. stresses of the sam 


Bis: alternating character for different ‘Positions of. the si structure when of the 


fac tor, ke will necessarily be a constant for all members of this class and is ~ re 


stresses, s, allowing an increase of 20% in the unit 


‘fai 
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larger section, increased by 20% for sigan _ This shall also apply to tower legs © 


structures carrying sheaves or other machinery, | 


Article 214. —Since all secondary s stres ses, as ordinarily defined, are due 


es a to distortion of a member, it is not clear to which of the other secondary 


Article 300-—This has already been covered in Article 211. Ds en 
301.—The unit stresses herein given are either equal to or slightly 
higher than those commonly used for medium steel havi ing an elastic limit o: 
85 000 lb. per sq. in. If adopted in accordance with Articles 211, 212, and 213, 
as here | presented, pian the dead load should not be excepted. The reference to. 
_ high- tension steel should be replaced by complete details as given for other ei 
steel Under Article 301, ‘the value, (04 given for sandstone 
801 sq. in. 


This is by “Article 213(a) 


Article 401. —The minimum thicknes of metal ‘shall | be except for 


Article 408. —This specification appears to. be too 


It is 


fillers. Gussets shall not be less than is in. thick. 


suggested that the i increase be 1% per in. increase in 3 in. 


Article 419.— —While any designing method will be complicated, it may be 


“more to givea of sizes of standard lacing as in manu- 


Part IL. —Materials. —It would appear sufficient to the chemical 
= quirements as to sulfur, phosphorus, and manganese and the physical prop- 


a erties as in Table 2,* for each kind of steel to be used under the specifications, 
aS leaving the details of ‘the tests to the Standard Specifications of the American . 
r Society for Testing Materials. This would save about eight pages. boas od ol 
oils In conclusion, t the writer “suggests that these specifications: might have 
been made to cover all types of fixed and movable steel bridges, concrete 
TE structures, and trestles for either highway or railway loading, as ‘was done by 


and Municipal Board in 1916+ 
Henry S. Pricuarn,t M. Am. Soc. OC. E. (by letter). §—These 
admirable in many Tespects. reading them the following questions 


—Articles 300 and 301 permit a stress of 24 per ‘sq. in. 
structural steel with a a yield point at: 30 000 db. dead load ‘stress of 24 700 


- 702 bs Are not these values too oie A stress 0 of 24 ‘700 Ib. is nly 82, 2a 


Teg be 


Standard Specification for’ ‘Trestles, Other Stru 
Analytical Engr., Am. Bridge Co., Pittsburgh, 


Am, ‘Soe. , December, 1929, Papers init 2641, et seq. 
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TABLE 16.—T EST ‘oF SIMILAR SPECIMENS or 1-Incu UNIveRsAL 


Pounds per square inch. 


lace oftest. Rate whieh tested. 


in.in6min, 800, 


in,in3min, 
1 in. in 15 sec. 


+) 


ne yield p point at 28 500 Ib. per sq. in. 
8 500 Ib. per sq. in. at the other. 


In Article 907, , under “Section 9. Steel,” after stating that “the 


‘Committees add “when ‘operated ata -eross- ss-head ‘speed not greater ‘than 


in. per min. testing machine shall not be stopped to obtain the drop 
of t the beam.” This i is a qualification not given for structural steel or nickel 


steel. if the rate at which this test is made is ; too rapid n near the yield p point, 


q the beam is likely to indicate the yield point too high, whether the steel is ply 


—The formula for | axial (Article 801(a)) follows 
proposed by 1 Tredgold, which f fell into disuse » but was revived by Lewis 
Gordon. Afterward. it was analyzed by ‘Rankine, who ‘made the mistake of 
applying to columns a formula for deflection of “wisn which is not applicable, 


- thereby obtained a formula which i is not only decidedly erroneous theoreti- 
cally, but which cannot be fitted to o any set of tests covering any considerable 


3 range. It is sur rising that a man at Rankine’s | enius should have ade, 


en bg or acquiesced in, such an error in regard | to the ‘deflection of. columns. 


= centrally loaded column, made of perfectly elastic material and having» al 


2 initially straight axis, ‘is truly a spring, and Rankine has proved the theorem: 


estions “lates! “That a spring of a given length and section, to the ends of whose neutral _ 


surface a ‘pair of forces are applied, will not be bent if those forces are 


deve elops the ‘equation, P= (which is Euler’s), and adds, 


finite quantity is the force will bend the given spring 


1, et 
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+ “Applied Mechanics,” Eleventh Edition, pp. 351-352. 
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Peres ventage of increase i m capacity to which 
an 


are” co- -ordinated to some gives t short columns, grows less” and 


— 


= 


in columns of moderate length (when other conditions constant) as 


eases until, in long colur s, it disappears: 


graphically. illustrated in Fig. 1 1%, w hich was first presented by the e 
‘connection with another paper. WwW ould it not be well” to recognize 
cited, and. thus illustrated, | instead of stating ‘(Article 301(d)), -“unquali- 


fiedly, that ‘ ‘the allowable stresses may be. Increased in proportion to > the 


pecified minimum | y point of the strong rer steel”? 


Pointot 


eat 
Assumption for \ Distance trom Axis of Column : 
Medium Fiber of concave Side Contrary 
Short columns ~ Radius of Gyration 


Sundry Alloy Steels 
Curve 


3 


Axis of Colum® 


300 
unint tentional eccentricit 
it Length 


Tim 7) 


ag = Characteristic Useful Limit Point 
C= Utilizable\Capacity | aixn 
l= Length between Points o Flexure 
and for any u are given in able 


rene 


—The qualification “ ‘provided such yield point is not more than 70% of i 


ge of 3 Tests 


Avera 


oe 


amt strength” ‘(Article| 301(b)) is ‘different from that suggested in 


paragraph ‘immediately preceding. In view of the facts s cited in a previous 
: ae by the writer,t would i it not be well to reduce the 70 ‘to 60 per ¢ cent. ? Be 


‘the United States in: 1875, a report ‘which # describes | investi- 


gations and includes the. statement: ii 


* as important differences exist in the proportionate strength 

of different-sized bars made of the same material, which are due entirely to , 
- Gifferences 3 in the processes by which they are manufactured, and as the elim- fm bie 

ay i ination or reduction of such differences would necessitate such a great and 
8 _ expensive change in the ‘system by which the bars are produced that it is not i—4 


_ * Transactions, Am. Soc. C. E., Vol. 89 ee. D- 1292 
t Loc. cit., p. 1235. 
t Watertown Arsenal ‘Vol. J 
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probable that it will be often’ it is necessary that differences 
Ss should be taken into consideration when estimates of the strength of any 
structure in which rolled wrought iron of different sizes is introduced are 


4 made, and in all tables of strength based upon the strength of suc 


h bars.” 


lee The Watertown Arsenal* made twenty-six tests of bars, forged down from 


an open hearth ingot in the direction of its length at various permed 


and with © various amounts of ‘reduction. The te tests showed variations in 
“elastic limit” from 47000 to 72.000 Ib. per sq. in., , depending on on . the a 7 


ture at which the steel was reduced and the amount of reduction. The nf 


UL! P’s (“Useful ul Limit Points’ » which vary from 46 46 000 to 7 72.0 000 Ib. 
per ‘sq. in. (and, in n some cases, are 2000 ‘Ib. p per sq. in in. less than. what the 
report terms the “Elastic Limit”), and data regarding » tensile strength, temper- a 
ature, and reduction, are compiled | in the paper by the writer, previously ee? 
cited. + Notwithstanding the facts given therein no 0. specifications from 
nrary _ time iron ‘and steel were” first ‘rolled, as far as the writer knows, have made 
any in ‘unit stresses in consequence of the facts cited or of ‘similar 
Other eases galore could be cited to show that 
varies greatly in of facts of manufacture not 


Y control so that the results w il give the uniformity i n strength desired. 


Would it not be well to recognize in some way, i in in specifications, the fact that 
3-in. rod, as usually manufactured, will not have the same strength 


Flowre : square inch as a }-in. rod of the onus material, and that a a plate, 2 in. thicl 
will not h have the same strength per square inch as one } in. thick? 


mn 


: Axis of Colu 


H. CHapMan st Esq. (by letter) § §—The detailed specifications of the 
American Railway ‘Engineering Association have used on the South 
Australian Railway ays for a number of years. ‘The ‘Department 
“now proposes following the modifications that. have be been made in the later 
specifications] by ‘the Conference Committees. 


On the ne South Australian Railways it is current practice, however, 


follow the . Australian Standard Specifications for "structural steel. Those 
specifications stipulate yan v ultimate strength within the limits” of 62700 and 


3 900 ) Ib. per sq. in, and allow a unit working stress of 17 900 Ib. . per sq. _ 


This se seems to be more economical than t to use e the mild steel within an ultimate v 


basis than has hitherto been the case. | The substance of this report has been 
adopted by all Australian railways as a basis for the ealculation | of impact 
values: for all future work. At present, data are being coimpiled concerning 
rely, to 4 the hammer- blow, and | characteristics of Australian locomotives. The 


“object in view is the use of the methods given in the report mentioned, on 


* Watertown | Arsenal ‘Rept. , Vol. 1909, pp. 869-896. 

Am. Soc. C. E., Vol. 89 (1926), p. 1268. 
am Chf. Engr., South Australian Rys., Adelaide, South Australia. _ 
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"CHAPMAN ON STEEL BRIDGES 


‘ 
and the standard ‘conventional 


locomotives of various types, having» definite impact “for 

in calculating impacts for all future railway bridge design. 

latest conference of ‘Australian ‘Railway engineers was definitely of 

the opinion ‘that an empirical formula is not logical if it excludes the vital 

questions of bridge the characteristics 0 of the locomotive concerned. 
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RAINFALL CHARACTERISTICS AND THEIR RELATION | 
C. Danrortu, M. AM. ‘S00. © OE E 


which stand out in this paper are: The the condensed data 


Table 1 (Appendix I) ;§ a a feeling that its value could be measurably ‘inoressed 


_by the im inclusion of certain additional data; ; and the fact that uncertainties 
in connection with some of the place names bring out the importance of 


ding the usual geographic co-ordinates for each s station. ti 


neidentally, it seems desirable to express an appreciation of the value of 
| “World ‘Weather Records”,|| which i is the : source of the major part of the data 
listed in Table 1 (Appendix In this, stations are listed alphabetically 


countries, and monthly and yearly values of precipitation, temperature, and 
pressure are given 1 in the unit used in the original record. While there 


_ tude and longitude of the Réseau Mondial, an index on that system is appended 


# In Table 1 (Appendix I) the monthly precipitation is given for the ‘ “normal » 
year”; that is, the monthly means for the period of the record, and the stations a] 


are arranged in | a novel and exceedingly useful form for the study of varia- 


tions over large areas. While the table is valuable as it stands, it is felt that a 
the engineer interested in run- off would greatly appreciate the inclusion of 
two additional “ ‘years” in the record, namely, monthly Precipitation for a 
average year; and monthly precipitation for a minimum year. 


q sla the: United States the > excellent data of the Geological Survey leaves aD 


tire 


at 
run-off from rainfall, but the greater 


i be some question as to the advisability of abandoning the 10° ‘squares of on Ba a 


a of the paper by C. 8S. . Jarvis, M. Am. —_ Cc. E, continued from August, 1930, Sig 


Hyar., Engr., Augusta, Me. 


as Proceedings, . Am. Soc. E., January, 1930, Papers and Discussions, p. 32. et 
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be used in preliminary estimates of available this point of 
view it is felt t that records for the average and minimum years are of greater 
7 importance than the record for the “normal year.” 
ie eg ‘The importance of the ‘minimum year record will be obvious. The need of 
ign ures for the average year (a year of the ‘record the total of which equals ‘fi 


approximates the mean yearly total) is due to the fact that the “normal” year 


never will actually occur. The method of obtaining the “normal” y 


that smooths out the high spots. The fact that, in a given locality, six or 
“eight months ¢ are dry, x may y not in its unless the dry months are 
el year after year; this is rarely the case in fact. To illustrate the differ- 

ence § in the types of year under discussion, the monthly rainfall for two stations 2 
a in Brazil is given i in Table 9 for the Senge an average, ‘and minimum year ar of : 

record. Alto da Serra is in the State of Sao Paulo, on the coastal side is 
“4 of the Serra da Mar, 2 625 ft. (800 m. 2.) above sea level, latitude 23°47’S. 
a the path of the southeast trade winds, has a sub-tropical climate, and a high © 

rainfall. _ Quixeramobim, i in the State of Cear4, is in the interior of the dry 
— ‘northeast at an elevation of 679 ft. (207 m.), above sea level, latitude 5°16’ S. x 


Its climate i is These data are taken from “World eather Records.” 
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stations in Table 1 (Appendix: ID well ¢ 


Basta general idea of climatic conditions. _ One exception to this is may be noted i in the 
case of Brazil.* No station is listed to indicate in any way the unusual con: 


“sertio,” the dry interior of the northeast. 


a be coastal ‘stations listed show a normal precipitation aa the high rainfall 


a the Amazon Basin is near ; nevertheless, the greater part: of the States of 
Proceedings, am. E., January, Papers p. 38, 
I), Stations 375 to 880, inclusive. 


Se in Table 1 (Appendix I) is fictitious ; it probably never has oceurred, and — 
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ALL | CHARACTERISTICS ene 


Coaré, 1 Rio e do Norte, Parahybe, and 


have normally ‘seven dr months or more a ‘year, at which time h 
country | assumes the aspect of a desert. At times. s, there have been year or 


: 2-year droughts, with heavy loss of life and cattle, and large emigration to 


other areas, notably during the ‘ “Great Drought” of 1877- -79 in Ceara 
writer has had occasion to estimate the minimum flow on certain streams | a 


= Pernambuco. One appeared to have less than 1 cu. m. per sec. (35.3 sec-ft. a ) 
. on an area of 2 2 980 sq. km a (1 852 sq. miles) ; and on 2 580 sq. km. (1603 sq. a 
miles) a minimum flow of zero. One station showing these conditions i is listed 


pie “World Weather Records”, but ‘was omitted from Table 1 (Appendix. ale 

‘The area is amply covered in reports of Directoria Meteorologia 


‘While the addition of “temperature ar and pressure records might ot 
have: a value sufficient to balance the loss of compactness, ‘it is felt that the 


4 mean annual temperature and pressure would be extremely useful. ; 
is of considerable interest to both | the and 


lation high and low 
such as ‘the ‘general pressure (80. 0 ‘ie 30.1 1 in) of 30° 
a, to 29.8° in the equatorial belt and toward either pole : 

~The value of a meteorological recor 
Res: with reference to ‘the coast line, mountain ranges, and prevailing winds. 

At many stations the exact location becomes example, 
da Serra’ (Station 
- hear the top of the coastal 3 range, intercepting 1 ‘rainfall from 


Brazil” is decidedly uncertain as to Belem 


“ called Para erroneously on some ‘English and American maps | in the same way Rig 
4 that Recife has been -ealled Pernambuco, and Forteleza has been called Cearé, ae 


Using in each case the name of t the State for its capital city. Belem i is about 100 
miles up the Amazon (this southern branch of the delta is actually the Rio 
a: "There seems no way | of determining: from data a at hand whether ‘this 
Ee 100 or more miles inland, or actually on the coast at Salinas, a 


third- class station listed by the Directoria de -Meteorologia. In addition to 
a possible confusion resulting: from errors | or vagueness in ‘place names, may 


rather: vaguely as “Rast Indies” ‘The ‘station listed “Para, near Belem, 


anged their names (a common ps 
in South that many places have two names, 
=. appearing on this or that map. If the co- -ordinates were given, these 


of uncertainty would be el 


“World Weather,” H. H. Clayton, p. 29. 


southeast trades with resulting heavy precipitation, while the about 


for: some stations in Africa the country is given; for | others, merely, Africa”, 
Africa,” ete n stations in Java, Sumatra, and ‘Timor a are listed 
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(Appendix I) show no data or hourly ‘maximums, to 
ae: writer that the high records are found rather + generally in tropical areas. 
Be Table 1 (Appendix I) lists ten stations with ‘a mean annual rainfall of more — 


than 200 in. these, eight are tropical ; the Formosa Station (494) is just” 
Se - inside ¢ or just outside the 1 > tropies (the name does not appear on available m maps), 


7 The highest re record listed is that of Cherrapunji 
“¢ (Station 515), in 1 the Khasi Hills. of. Assam ‘(Elevation 4309) . Its climate is 
sub- 25° 16’ N.) and the mean rainfall given is 456 in. 
BR ateurreid one-half of which falls i in J une and J july, and with a 24. ope | 
of 40 in. (June 12, 1876). - Similar conditions exist o m the 
Western Ghats, a mountain barrier to the southwest monsoon, where precipi- 
Pad ‘tation increases with altitude to 250 in. at. Mahabaleshwar, while the fccoanil 
of Deccan to the east is subject to drought. Baguio (Station 492), i in Northern 
ia _ Luzon, with a yearly average of 182. 0 in. and a daily maximum of 46. 0 in, 


Guly 15, 1911), and with an ‘elevation of ‘4959 ft. ‘(latitude about 17° N. ), — 
on a ‘similar mountain barrier to the s same monsoon, The wind is. from 


"summer is sea tow ‘the heated area of Southeastern Asia. 4 


a , mean annual ‘rainfall between 150 and 


Li 
200 in., leven are > tropical and three are temperate, th 


7 and South ‘America i is that ok ‘Buenaventura, on ‘the Choeo Coast of a 
(Station 346), with an “average ¢ of 280.6 in. . Mr. Leo Miller, of the American 
of Natural History, is authority for the ‘statement that the | average 


“Fig 
rainfall on the. San Juan River ‘Basin just north, of Buenaventura (latitude 


about 3° ), is more than 400 in. 


Of twenty-five high | records, twenty are definitely tropical, two are 

- either tropical or slightly over the border, and all five exceptions have eleva- 

- tions between 1 000 and 4 400 7 It seems probable, however, that the location 
of these high records in the ‘gropies i is due to ‘the fact that monsoon or trade” 
«Winds moving over a wide expanse of sea are commonly found in tropical 

ar pr When these winds of high humidity meet a physical obstruction, such he 
as the Serra do Mar in ‘Brazil, the hill country in | India, o1 or the elevations sin 
awaii in the path of the northeast trades, forcing moisture- -laden air 
altitudes, heavy occurs, the opposite side of the obstruction 
_ being comparatively dry. _ The forcing of moisture-laden | air to cooler. altitudes | 


with resulting precipitation may also be a result | of atmospheric conditions, 


as the of and northeast trade winds on the ‘Lower 

discussing altitude A. J. Henry, U. 


Weather Bureau, stated,t ‘ “The most favorable conditions for an increase in 

"precipitation with increase in altitude, viz., , saturated air and relatively high 

are in the tropics.” The word, in this 
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zones. While the rain belt oscillates: roughly between 20° N. 
_ 20° S., the 30° limit would include also the monsoon a and all the ehigh — 
‘rainfall records except in the mountains of Wales. 
Evaporation. he evaporation data given in Table : "are of ‘some it interest, 
together with the inference that they a are given for use as indices of @ evapora-_ 
_ tion from a free water surface. — This table shows for only a small percentage 
P of the stations listed whether the record was from a land ora floating ‘pan and 
in no instance is information given concerning the size of the | pan and Se 
Some co confusion still exists (as a a perusal of textbooks 
prove), concerning the relation between the actual evaporation. from al 
- water and that obtained from floating and land 1 pans. _ Much valuable infor- a 
mation on this subject is available in papers presented before the Society, 
particularly in the discussions | on the paper | by the late Edwin Duryea, dr., 
and H. L. Haehl, Members, Am. Soe. C. entitled Study, of the Depth 
of Annual Evaporation from Lake Conchos, ‘Mexico,”+ and in the paper 
“Evaporation on United ‘States: Reclamation Projects,” by Ivan E. Houk, = 
Soe. C. E. and the discussions thereon. The writer has reached 
conclusion, from these data, and from his own experiments, that a 
” pan properly installed and of such’ depth that the temperature of the water ay 
n the pan is the same as that in the reservoir, will approximate the evaporation = 
— from ‘the reservoir. _ He has also reached the conclusion that the land pan is 4 


“useless. without delinite information as to its and method of « exposure, 


_ and that its records are of doubtful value unless a coefficient hi has is been | obtained © 
by, comparison with a properly installed floating pan at the sa ‘same ‘site. 


om monthly records are to be used, the coefficient must be ‘tiinel from monthly 
comparisons as it varies decidedly throughout ‘the year. 


* Proceedings, Am. Soc. C. E., January, 1930, Papers and Discussions, 
«+ Transactions, Am. Soc. C. E., Vol. LXXX (1916), p. 1829, et seg. eo 


e area between 23° 27’ north and south latitude, which 
the wratet has used it with that meaning. — 

however, it seems reasonable to consider it as a 
as. — ‘ying between the two igh pressure belts at about 30°, whi ; _ 
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4 of concrete is not fully described by the exponential formula, 
. Poisson’ s ratio is also variable, thereby requiring supplementary information. es 


AMERICAN SOCIETY OF CIVIL 


PAPERS| AND DISCUSSIONS 


By Baum 

auMAN,t M. Am. Soc. C. (by letter).$ The intro duction 


‘Bach’ exponential formula ‘in the fundamental equations of internal. 


a librium of a concrete structural member leads to . the results shown in Figs. 


to 13,§ inclusive. In assuming the exponent, m, be 1. 30, the 
gerates the influence of the commonly committed error due tom = unity = i 


€ in concrete design ; but his elaborate paper is undoubtedly of greater interest _ 


from a theoretical than a practical standpoint, thereby making any limit 


between minus and plus infinity permissible. In this connection it “may be 


noted, however, that the exponential formula, Equation (9), | is ‘meant 


bbe a an interpretation of experimental results rather than a physical law, a 
the answer that k becomes hare groesd great for an infinitely small stress, for — 


> 


example, is. doubtlessly ‘wrong. urthermore, it is evident that the elastic” 


Both linear and the exponential relations between stress and strain 


are approximations, the latter “merely being a “closer one, provided the expo- 


nent, m, is correctly chosen or experimentally determined. ‘The merit of 


the first” one is that it errs on the side of safety. : As long as the physical — 


Process of deformation due to stress 3 is as little explored « as it is to- day, partic- 4 5 
larly w with a. material « as erratic as concrete, it seems advisable to keep ia 


lication of Jaw an and the law of in 
tendency of self-preservation in concrete if gabjected a 


evident as well as in any other crystalline conglomerate. Imme- 


Discussion of the G. Jun. Am. Soc. C. E. 

38) esigning Engr. , Quinton, Code & Hill—Leeds & Barnard, Los’ Angeles, Calif. to 
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ON PLASTIC ‘FLOW IN CONCRETE ARCHES | [ Papers. 
occurs lasting deformations take place, starting at the 
extreme fibers and gradually moving toward the neutral axis. The stress dis- 
tribution then corresponds: to a relatively great exponent, , resulting in an 
increase ir in stress areas as compared to ‘the triangular distribution, thereby — 
permitting the : section, relatively speaking, to resist a greater moment under © = 
smaller maximum | stresses. . Simultaneously, t the neutral axis, due to a differ- 
ence” in strain between tension and | compression, which becomes more 
; nounced near the point of exhaustion of tensile strength, will shift from the 7 
axis 0 of gravity so as to disengage the critical fibers somewhat on the tension 
Recent research on -erystals at the Institute of Technology at 
- Calif, has probably shed more light on what is going cn when deformation 
takes place t than any similar work: heretofore. % “According to these findings 
built up of small elements or each consisting of several 


thereby governing the behavior of the crystal. These 


are either plastic or brittle and form the basis of classification of -erystals 
into: (1) Macroscopic plastic ‘and n microscopic plastic; (2) m macroscopic plastic 


and microscopic brittle ; (3) macroscopic | brittle and microscopic plastic; and 


. (4) macroscopic brittle and microscopic brittle. ah 
Needless: to say these findings could not be directly applied to such com- 
‘plicated crystalline conglomerates as concrete, but they are indicative never- 


theless of what is Pi tg on when deformation takes place. _ In all probability 
concrete would: be classified as macroscopic | plastic and ‘microscopic brittle; 
that is, the elastic limit of - elementary blocks coincides with the breaking 
on view of the uncertainty of the tensile strength of concrete and of the 


steadily growing tendency to reduce the size of. structural members with a a 
i _ simultaneous increase in span, it will perhaps | be a relatively short time only 
before 3 plain concrete will be barred from use in members subject to . failure 


due to tensile stresses originating from any cause whatsoever. One cannot 
ag ‘set a safe limit to tension in Plain: concrete if there i isa possibility of serious 
vibrations affecting it, which, unfortunately, i is the: case everywhere on earth. 
1908, a reinforced concrete frame bridge, as shown more or less dia- 
cit grammatically i in Fig. 32, was built for a National Exhibition in Dresden, 
Germany, and subsequently was subjected ng a test* resulting in its failure. = 


. _ Concentrated load varying from zero to a little more than 77 500 Ib. (Fig. 33) 


4 
was applied at the center of the girder span and records were kept of the 
vertical deflection, of these girders directly under t the load. strain, Ey 

i in n the boyy bars directly under the load was measured and from these 


steel stresses were computed. Finally, the deformation of the posts, 
that is, the angular deflection at the top, horizontal deflection at center, and 


saitt te 


Dr.-Ing. Ww. Genier, Betonbelbiat No. 9, Deutsche Bauzsitung, 1904. 
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19802) MAN ON PLASTIC FL IN CON ARCH 
it Fig. 33 ‘the deflections, d, and the ssiieinpuiliag steel | stresses are ro 


a P varying from zero to 77500 Ib. Lines A, B, OG, Da 
very closely approximate the observed deflections and steel “stresses, respec- ec 


17.30—— 


tively. The significance of these straight- line zones becomes evident if i it is 


"remembered that, according to. the | old theory of “elasticity, the of 


the top girder, due to is: 


that it is the deflection, due to M, = , of a of equal 
Span, minus the influence of the corner moment, M. Substituting 


because is, for one and the same f ‘structure, a constant. This is the 


‘within each of three zones. The physical meaning 0 of this is that i in Zone 


r pression side of the neutral axis; in “cram B- C the first hair-cracks occur as 
concrete under tension, partly eliminating its activity ; whereas, in Zone 


C- Tia of proportional deformation of steel i is reached and failure 


te 
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itha 
q = 
‘7% A a is its slope. Since this slope is constant between Lines A and B, B and a 
r, and 
change 
to the 
(tana = constant), the product, index of rigidity. To determine 


BAUMAN N PLASTIC FLOW CRETE (Papers 
of compound material, that i is, for concrete and steel or reinforced 


crete, Equation (121) may be w en, tan = —. 


teel Stress in Thousands of 


ection a 


fl 


AND STRESSES IN REINFORCED CONCRETE BRIDGE 
TO CONCENTRATED LOADS AT THE CENTER. 


n Fi = 22 bai in. 4; that is, the moment of inertia of ine full mm - 
oe: s “short- cut” for the of p, | 
which, J, = 15 140 in.* and h 62 = 163. 


As there is always: some uncertainty as of restraint at of the. 


# bs rset at the base, the average between fully restrained and fully hinged is 


— 
— | 
— 
— 
ta 
el 
th 
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— 


full 


4 


whereas, for a fully hinged 


tan = 3.81 x 10-8 Sin, per Ib. 
tan 7.67 X 10~ in. in. per lb. 
erIb. 


Line 0-1 


tan a, = 50 x 10-6 in. per lb. 
5A, 


corresponding moduli of elasticity are: 
9 220 10-8 415. 30? 29.10 X 108 
| 


29. ) X_ 10° 108 


To show this ¢ graphically in rays are re drawn 
parallel to —_— A-B, B-C, and C-D, respectively, through 0, intersecting the ae 

base at the values of E,, F,, and E,, respectively. Finally, = 2000000 Ib. 
sq. in. is plotted, and “a parallel to the corresponding ray is drawn as 
tangent to the Curve C, D. The point of contact approximately coin-— 

cides with the end of Zone O-D: ; that is, with the beginning of failure, 

thereby justifying the usual | assumption of E= 2 = 2.000 000 in ‘concrete design a 

as it approaches the lower limit. _ This value, however, leads to an exaggeration 
of deflections as indicated by a parallel line through Point A. At the end of 


- the first zone, that i is, at Point B, the tension in concrete f for a Toad of 23 800 Ib. = 


at 800 Ib. per sq. in., whereas’ “near the support it “excess 0 
800 per sq. -in, Failure, 1 however, occurred i in the steel at m (Fig. 
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eccentricity of the line of pressure. As the load on a dam, under normal 
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This So Society is not responsible tor. any statement made or opinion 


LAMINATED ARCH DAMS WITH FORKED ABUTMENTS 
Messrs. Paut Bauman F. W. Hanna 
L Bauman,t M. Am. Soc. (by letter).+ —The author has 


to o eliminate complexities i in ‘the interior stability of thick conerete arches 


Unfortunately, his new type. which, in 1 principle, is 


Dordogne Dam,§ involves | serious ‘physical uncertainties. which 
= readily impair the safety of the structure. os mesg: 


=" The assumption, for example, that the flexibility of the compound pone 


is ‘governed by that of the individual | rings” is hardly justifiable | as long as 


‘¥ ‘the faces of are in contact. The molecules 


coefficient very uncertain, 
points 
‘it, is maximum at the time that movement (end of rest), and dimin- 


the lamine, ‘resulting in “dom quakes”, just as it, “produces clips between 
a geological strata resulting i in earthquakes. . The ensuing - vibrations would not 


at On t the other hand, it cannot be denied that the lamination would cihabes eT 
the flexibility of the structure and, therefore, would tend to reduce 


onditions, is | gradually increasing during the initial filling of the ear 
the | up-stream ring would be engaged first; 4 then the next ‘Ting be 


— the 5) spacing between the down-stream face of the up- -stream ring an 
up-stream face of the one adjacent to it were such as to cause uniform ie 


_ * Discussion of the paper Noetzli, M. . Am. Soe. Cc. E., continued from 


Chf. Designing Engr., Quinton, Code & & Barnard, Los Angetes, Calif 
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"BAUMAN ON LAMINATED ARCH DAMS (Papers. 

n the dam, its 

up to this point, “would undoubtedly be the 


remainder of the laming. Based on the same premises, a further — 


of the load would then « engage the first plus the s second ring, then the first plus, 


it 
the second plus t the third, etc. The nth lamina would then be engaged for a 
load equal to the total As soon as contact place b between q 


relative motion could undoubtedly still but, even if such 
motion were» disregarded, it is evident that the eccentricity of the line of 


4 pressure—and, consequently, the extreme fiber stresses of n combined lamine— 


2 woh be materially smaller than that of a ‘monolithic dam of equal /¢TOss- 
section. structural difficulties involved in such a spacing of faces to 


for deflection would be very serious indeed. 


The elastic behavior of a laminated arch is dependent upon the load. The 
greater the load the smaller its ‘its flexibility. isa distinguishing ‘charac: 


| an | arch slice is described through | its ellipse of elas- 


erefc 


ere ore, i 


i 


= flexible, up- -stream lamina as a maximum aa the elastic behavior of og 
solid arch with | a thickness equal to n lamine | asaminimum. = | 


f Assuming for | the moment a symmetrical layout and numbering the lamin 
consecutively, beginning fi 


at the ‘up- -stream face, the elastic center, ‘elastic 


weights, and moments of inertia of 1,1+2,1+2-+ 3, , are deter- 


Their centers of are readily found, the principal located, 


“and the moments of inertia about these axes are determined. The effective | 


‘moment of inertia of the ‘combined laminze is — times the sum of the moments 


of inertia of the individual roups (1, 1 2,1+2 3, ete. because each 


— parts of its flexibility to the io 


In Fig. 17 ‘this hypothesis is illustrated for a symmetrical section with — 


OF 


three lamine of equal thickness. 4 It clearly the diminishing of the 
a ellipse of elasticity 3 that is, the decrease of ‘flexibility as the number of — 


qau 


to carry the load increases. (Arches A 2, and 1 2 +3 


are designated A, B, ‘and C, respectively, in ‘Fig. 
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” of 
E+ ee elastic centers from the common center 


3 


The moment of the weight, 


50+ 7.00 x .25 = 3.33 
EIW= + 


‘moments of inertia of Arches A, and the axis), 


if 


September, 1030) 

(about the a-axis), 

| 
19) 
—— — 


y axis, the momen 


u— 


= 


The effective m of inertia of elastic therefore, 


is s probably as favorable a 2 condition s as could be expected, if spacing between 


Never- 
it is evident that a a greater 
at 


bility than one that is solid even if the joints were 50%, or less, efficient. 


WHanna,* M. Am. Soo. C. E. (by letter).+—The paper involves inter- 

esting questions i in n arch dam um design ; as to the superiority of f stress analysis for 
b the thin arch r ring; - the layout: problem for dams in irregular ‘canyons; the use 
of forked abutments: to decrease arch spans; the effect of overhang on | the Jay- 


\ 
Be out and stresses ; and the substitution of a series of thin arches for a single 


Designers of arch dams are familiar with the difficulties attending the 
_ bia sis of thick arch rings near the bottom of high dams. . When arch formulas 
3 are used, tension appears to be involved, both at the ¢ crown and at the abut- 
- ments; while, as a matter of fact, ‘it is probable ‘that combined arch and beam 

¢ action exist in a complicated form. Undoubtedly, « on account of the short 
ee af ness of the span and depth of the beam, shear Provides the bulk of the required 


‘resistance, Even if the arch r rings at the base were laminated, it is ames: 


= hich i is 38.: 8.30% of 14.45 than respectiv ely. 
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that shear along the canyon bottom and walls till pr 

Hie The author proposes to use a cone layout for arch dams, but this prion 


om intricate manipulation of central angles, radius lengths, and overhang. : 
Up-stream conic surfaces of arch dams | must consist of sections of the surfaces _ sh 


parent cones. . Such sections are > parallelogrammatic, trapezoidal, triangular, 


“canyon sections suitable for arch dam sites. ils 
ol the case of a parallelogrammatic section, the conical surface will be - 4 
eylindrical as the cylinder is a cone with its vertex infinity. Both the 
central angle and radii from top to bottom of the dam ean be kept constant, 
and difficulty with overhang can be obviated. In the case of a triangular 
section, the vertex of the cone will be at foundation level, and the central angle os ~ 
can be kept constant from top to bottom of the dam, the radii will decrease = 
uniformly from the top to the bottom of the dam, and ‘difficulty will be experi- = 
enced with overhand. In the case of a trapezoidal s section, the vertex of ‘the 
cone will be below foundation level , the central angle « can be kept constant ed 
from top to bottom of the dam, the radii will vary uniformly from a maximum “a 
at the top to a minimum at the bottom of the dam, : and difficulty will be 
experienced with overhang. In the parabolic or hyperbolic section, the vertex © 
of the cone will be below foundation level, both the central angle and the radii 
will decrease from the top to the bottom of the dam, and difficulty ° will be 
with overhang. Consequently, the up- “stream surface of the dam 
must generally either be warped o or subject to overhang. 
i It is also desirable to have all the crown points and sn ‘Ting | g centers in 


“triangle oF trapecoid is the non- -equi- i-angular, or the 


curve sy ymmetrical in horizontal planes with respect. ‘to an oblique axis, , then — 


= of gravity « or of symmetry will be in an :n oblique plane. In either case the hor ca 
vontal arch rings be symmetrical ¢ and loaded. 


‘jedi or parallelogram, ¢ or to the boundary of a curve symmetrical i in hori- cr re 

4 ’ zontal planes with respect to an oblique plane, the various arch rings cannot — 

4 be made symmetrical with reference to a single vertical | or inclined plane. 2 

4 it the distances of, the crown points ‘at the neutral axes or their centers of “ae og 

curvature from a vertical or an’ inclined plane are small, only slight errors 

be involved i in considering them ‘symmetrical and symmetrically loaded. 

‘A -. As stated by Mr. Noetzli,* the use of forked abutments in the < 


dams will promote general of the da dam decrease the 


pers. 
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7 excessive weathering of the canyon walls near the top of most dam 
“si es so increases the width as to make the design of the upper part of a high © 
‘arch dam either uneconomical o or infeasible without the construction of abut- 1 


ee ments to take the ‘Place of the “missing canyon we alls. - In order to | meet ‘the 


4 
or to make their dimensions overcome this difficulty 
designers | of arch dams have used the principle of forked abutments, me 
ups stream fork serving in part as as a gravity dam of short length to close the 
os reservoir and also sometimes : in part a as a buttres s tor resist arch thrust, and 
wy x the down- stream fork serving only as a buttress to take ‘the remaining thrust: 
mh _ of the arch. Usually the buttresses are designed with outward sloping tops so 
that the weights when combined with 1 the arch thrusts taken by them at all 
points from the ‘springing lines outward meet the adjacent horizontal planes ~ 
or foundations at angles less than t the friction angle. Whether the ‘inelined | 
arch action should be considered in the design of these buttresses is somewhat 
—— as the amount earried by them is not easily determined and their 
extra cost due to embodying this additional factor of safety is 
Forked abutments somewhat similar to those suggested by the author 
been cused with success in 1 the Santeetlah Dam and the Calderwood Dam built | 
by the Aluminum Company of America . The writer used this principle also. e 
i int ‘the preliminary design of an arch dam for the Pardee Dam site for the East 
Bay Municipal Utility District, Oakland, Calif. tant Of ‘ald gala a 
' itm ‘In the Santeetlah Dam the sloping bt buttresses of the forked ak abutments were | 
r 4 made radial to the arch section at the springing lines; they were heavy enough 
i to take the radial thrust and to throw the remaining thrust of the arch into” 
ee : direct line with the other forks of the ‘abutments; these, in tt turn, we ere designed 
‘0 take this thrust. and, as gravity sections, to close the reservoirs at the » ends | 3 
of the arch. i ‘In the Calderwood Dam it was found more convenient and 
A economical to ‘use three forks for the abutments. - The first forks consist of 
ere ity sections to close the reservoir, running on a radial line from the spring: 


. lines at the left abutment and nearly sc so at the — abutment ; the second 


— 


= 


forks consist of sloping spray walls running along radial lines from: the 


"springing lines, ‘sloping downward at a 0.5 to 1 slope, and designed to take 

the radial thrust and to act as spray ray walls; the third forks consist of buttresses 

extending from the ends of the arch in . the line of the remaining thrust and 


sloping downward away from the arch at a2tol slope. They are designed 


be to take the normal thrusts at the en sof the arch. In the preliminary design 


of the arch dam for the Pardee Dam site, the forked abutments were computed 


‘that the gravity sections closed | the reservoir the shortest routes to the: 
e downward a away from 


“a effect of overhang down | stream at the crown will be beneficial in be 
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made across the laminations in the laminated type of dam. Th the first 
"place, imperfections in construction may be such as to cause ‘the load from 


1990 HANNA ON LAMINATED ARCH DAMS as 


a 
ments: inclined arch action. However, it complicates the a1 arch ring a analyses. 
An equally important help can 1 be obtained i in the adjustment of the radii and 
carries the stresses upward at the abu tments. . This overhang usually occurs a 
ar the base 0 of the dam, however, where the weight of the — od 
he shortness of the: arches counterbalance the bad effect. Advantages: 
20 btained, how ever, by a ‘combination of | an | overhang down stream at the crown ; 


the top and « an overhang down stream at t the abutments ‘near the base of 


; The writer is not fully nije that. proper transmission of stresses ¢ 


_ any lamination to be improperly transmitted to, and distributed on, the next 7 


succeeding lamination down stream. The arch rings under water load deflect 


down stream at the crown and up ‘up stream near the abutments. * ‘The deflection _ 


of the primary arch under water load | down stream | at the crown will transmit | 


a certain load to the next succeeding arch at the crown, but not necessarily 
at the abutments. Consequently, the loads on the secondary arches will have > 


. different distributions and the deflections of the secondary arches will not con- — i 
form accurately to those of arch and to each other. These 


tions seems to be be a serious defect in the arch type of dam. Farther, 
there is the possibility that cracks will form in the thin laminations of the 


3 laminated dam, as ‘shown by the experience in th the Stevenson Creek k Experi- 


mental Dam. ~ Moreove: er, if there is open space between the laminations due to 


§ ‘Shrinkage in the concrete and to settling under gravity of the asphaltic filling, “0 


undue strain may result i in the primary arch. _ Over- deflection of the primary» 


near the top the: dam may cause uplift and cracking through strut 


action in ‘the secondary arches. _On the o other hand, if insufficient lubrication 


exists between the laminations, they will not act as separate arches; as a matter 
of fact, they « cannot act Si independently unless there is a frictionless s su 
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BALDWIN FILTRA TION PLA ANT, CLEVELAND, | OHIO 


Re James H. Herron, M. Am. Soc. C. E. a 


ow worked out so well since both the Cleveland Water ter Department « and the Com- 
mission of Engineers, of which the writer was a ‘member, were severely ‘eriti- 
cized for separating the Filtration Plant : from the initial pumping station. 
i "Difficulty had been experienced with sub- grade « conditions at one of the other 
plants located on the shore of the lake, and it was deemed impossible without | is 
_ high cost to build this plant adjacent to the Pumping Station. — Since the 


Baldwin Reservoir had already been planned asa. distributing 1 reservoir for the fas 
low service, it was thought wise 1 to avoid the expense an additional 


“Tittle different. whether water is ‘delivered to. ‘the filtration plant throug 

a long lines and into the reservoir through ‘short ‘lines, or vice versa. . The sepa- — 
ration of the e plants m may have involved some additional pumping , capacity, but 
_ with little greater total head. | The increased investment was more than Sect 


2 by the saving effected in utilizing : a reservoir already | planned anc practically 


ey In ‘the building of the plant the utmost care was taken ix in the gs 
and handling of materials. . The aggregates especially were ‘approved only | after i 


A In the conereting , operations g great care was used in the grading of mate- 
mals in the quantity of water. ‘This latter was kept at a minimum. 
‘Betws een 800 and 400 - tests were made on concrete cubes (tests on cubes were 


i -_* Discussion of the paper by J. W. Ellms, G. W. Hamlin, A CG Levy, and Be: 
a Members, Am. Soc. C. E., continued from August, 1930, Proceedings Pasty 


Cons. Engr., Pres., The James H. Herron Co., Cleveland, 
by the Secretary July (21, 1930. 


september, 19909 

. 
Hernox,¢ M. Ant. Soc. ©. E. (by letter)f—In this paper the 
excellent compilation of cost data is one of the most valuable 
can be applied to make them available for any period, 4 
| 


AND 


with the 


k, and 


— conereting operations, far as — proportions ‘the ne materials 
and placement 1 were concerned, were in advance of the general state of the art ' 
. then } prevailing. As a result the structure has shown no signs 0 of f disintegration . 


or other and should give continued eatisfaction. 
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ity? 


AND. WATERW TRANSPORTATION: 


A SYM M PORTO cunt 
- Esq. (by letter). has 
as one its major activities, the widespread development ¢ of inland 
water r transportation, th view of the importance to the United States of 
adequate, dependable, and efficient transportation service furnished at the 


lowest possible cost, of the magnitude of the proposed waterway development, aie 


and of the vast expenditure: of public funds which | ‘such development would 
some analysis of the general waterway 4 1 the facts 


it should be that in “the discussion the words ‘ 


aterways” are used “only in ‘reference to improved rivers and canals, The 


Great Lakes were made deep and large by ‘Nature, and mee SPORE that f 
Baap sae on them i is much cheaper than by rail. 


Louisville, ky. on October 23, 1929, President Hoaver, in connection 
the celebration of ‘the ‘completion of a 9-ft. channel in the Ohio River, 


"outlined the general policy of his Administration to to continue “the modern-- 
of every part of our waterways” which will show economic justification 


in aid of our farmers and industries.” No elaboration was made of the phrase ae 


many waterway advocates who ‘subscribe wholeheartedly to t 


enealr 1 
program and who support it with optimistic opinion, “theory, belief, and 


prophecy in fairness: to the “waterways, which in ‘the past: have been 


- embarrassed by the too optimistic predictions of their friends, in ‘fairness. ¥ 


| _.  * Discussion on the Symposium on Relation | --Betw een Rail and Waterway Transport 


tion, continued from August, 1930, Proceedings. — 
Editor The Railway Age, Chicago, Ill. 
Received by the Secretary, June 13, 1930. 
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ness to the general which will “foot the bill,” the basis of actual 
is the criterion b by which the program | should be judged. — TY TS eee 


Chief among the claims advanced in support of waterway y development, and — 


the of charges, ‘maintenance, and ‘operating expenses exper 


by the ) taxpayers, will be less than the railway rates 2 ¢ ‘These questions thus [oof ca 


In an Interim Report issued in 1927 by 1 the Board of Engineers for Riv ers & . ont ( 
and Harbors and the Shipping Board, “to render immediately available data. 
showing the importance to the country ‘of the ee and in j Shou 


progress in the Ohio Valley; ” the following statement was made: | a J taxes 


“The primary measure of the economic value of any waterway system is 2 frei 


the savings in transportation costs which it affords. - Usually this saving is — Unite 
shown by comparing the water transportation costs with the rates for moving ee 
the same goods between the same points by rail. Included in this cost of - that t 


of an 

in wh: 


ernme 


water transportation should be the charges for interest on capital investment 
a4 _ in waterway improvements plus annual cost of operation and maintenance.” J 


An exactly opposite position is taken by Maj. -Gen. T.Q. Ashburn, U. S. Ay 


Chairman and Executive of the Inland Waterways: Corporation, who states, 


in the 1929 Annual Report of that Corporation, that, 
“Because hundreds of millions ¢ of pe have been spent in making stream: 
navigable i is absolutely no reason why the upkeep of these rivers or the cost of 
_ their maintenance should be charged to this | ‘corporation or any other corpo: 


_ Finally, a . middle ground also appears to be taken i in the Interim Report men- 


which elaims—although with little convincing evidence—that certain 


waterway expenditures h have already ‘paid for themselves. Ina report entitled 
“Inland Water ‘Transportation in the United States”, the Transportation 
Division of the U.S. Department of Commerce advances a theory, subscribed 


to by many, that much of the past ‘expenditures for river improvements shou re seni 
_ be charged off and forgotten. Furthermore, it states that “for service: BB dize 4] 
n channels already made navigable or on canals already built the returns &§ — 


i cover only current operating expenses and necessary ‘maintenance bg 

channel, terminals, and floating equipment in order to justify continuance.” 
So far, search for an interpretation of “cheaper” transportation it 


relationship ‘economic justification n” has brought to light only 


“Wie 


“the meaning of this phrase was s made of the Hon. Patrick J. Hurley, Secretarr 

‘War, under whose authority and jurisdiction National waterway improve ailwa 

ments are carried out. Mr. Hurley’ 8 only reply ‘was that | ‘The War Depart S in the 


"ment has no intention of inviting controversial discussion as to. the relative Z garded. 


merits of of "transportation. n.” Bay leds and the 
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hs the face of this official attitude, one must draw his own conclusions. 


It w ould ¢ appear that the only logical interpretation. to be put ‘upon the « claim 
“cheaper” water transportation is that it means that total waterway 
, regardless of who pays them, will be less than the corresponding 1 rail charges. 


first is paid by the public, a and consists of upon the 


investment made in improving the waterway and building terminals, the | 
expenses of ‘maintenance, and certain operating costs, particularly in the case 


of canals or canalized streams. This public payment represents a subsidy to 
the waterways that results in an increase in taxes. The second part of the’ 


; cost of water transportation is that incurred in the actual movement of freight. — 


Now, on sound principles of economics, what should be the objective? 


q § ~ Should it be to reduce freight rates entirely regardless | of the effect upon 
4 taxes Plainly, if the development of waterways will result in reductions of 


40 


United States increased 80% between 1923 and 1928, and amounted to ‘twice 
as much as the total freight earnings of the railways. _ Can it be contended ie 


that taxes are so unimportant, and freight rates so important, that the National 


rates, it will also result in increases in taxes. Total taxes in the 


prosperity would be promoted by securing a saving in freight rates at the cost 7 
an increase in taxes that would exceed the saving in freight rates! 
my Furthermore, the development of waterways is not the only wa way ee. 
n which taxes can be used to reduce freight rates. j Recently, the British Gov- ie 
rmment actually has secured reductions in freight ‘rates on agricultur al 
products by giving the railways equivalent direct subsidies from the Public Je 
Treasury. The railways of Canada receive subsidies from the Government 


for making low rates. This is not pointed out in advocacy of similar su - 
si idies for the railways of the United States, but it is surely pertinent to call 


attention to the fact that if the total cost of inland water transportatio: ; 
am including the part paid in taxes, is or will be greater in this s country than the — 
total cost of providing similar transportation by rail, then any desired reduc- 
_ tion of freight r rates, either | on ‘certain commodities, or in certain parts of the 
“country, or even on all t traffic throughout the United States Obviously could 
‘ be secured at a lower cos cost to the e taxpayers by having the Government ‘subsi- _ 
+ dize the railroads than by having it develop and maintain waterways. As 
a regards the total cost of carrying all freight there i is this further fact to con- 
sider: The greater the density o: of railway traffic, the cheaper the railways ec: can 
| handle each unit of this traffic. Therefore, any policy that hinders the i increase 
; of railway traffic also hinders the reduction of the cost of transpo tation 


ag 


ik The situation thus narrows down, primarily, to a question of relative cost “en 
How, then, do the total costs transportation by inland waterway and by 


‘railway in this country compare, and how may they be expected to compare 


n the future? — Actual experience » can never be intelligently or safely disre- 
For many years the Government has been improving inland waterways 


gi 
and the « country — actually had transportation by both water and rail. ti ‘There 


ers. bi? 
air- 
= 
fact 
and 
nent 
— 
jing 
— 
» 
S.A, 
ites, 
should 
ervices 
nce. 4 
and its ‘ 
7 : 
ag 
= 
Depa 


_ DUNN ON RAIL ND WATERWAY TR ANSPORTATIO N a “ye ap 


regarding coats of inland water ‘transportation. For “many years the Army 
Board of Engineers for Rivers and Harbors and others have been g giving esti- 
“mates to Congress and the public regarding proposed waterway retovatreearteile 
including the traffic that would be handled, the expense of improving and 
_ maintaining the waterways, and the savings in transportation costs that would 
_ result. Those who have made > these estimates seldom have come forward after 
the improvements have been made with figures showing the extent to which * 
results s have o or have not Justified their estimates and expenditures. 


ob There are three great inland d waterways in the ae States upon which 


"State e Barge Canal, the Ohio River System, the ‘Mississippi i. What 

to In 1929, the New York State Barge Canal handled a freight traffic ; amount: ; 
to $8 890 432, while interest on the investment, at 5%, amounted to $8 811 061 
in that same year. On a ton-mile basis, “mnaintenance and repair costs were 


0.474 cent, and capital costs, 1. 231 cents, a total “hidden” ” cost. 1. 
average ‘waterway conveyance charge on the Barge Canal—a figure 
which far too often is considered by the w waterway advocate : as the total cost 
a water | transportation—is conservatively estimated at 0.450 cent per ton- 
‘mile, making the total cost of transportation on the New York State Barge 
Canal 2.155 cents per ton- mile. The average ton- mile revenue 


‘freight loaded on te canal, regardless of of and it would have 
oe been cheaper for the State if all the freight | carried on the canal had been 


otk in railroad cars and the State had paid the freight bills. Is ‘this ¢ ‘cheaper” ‘ 
transportation, or economic justification? ent? pest 
eae _ What of the Ohio River System ? Iti is conceded even by- ech of the prin- 


cipal advocates of waterway development that the bulk of the very large 
@ expenditures heretofore made on waterways has been wasted, because ‘it has 


He _ not resulted in the i ‘increase of water traffic and the reduction of transportation | 
costs which it was intended to accomplish, It is stated, howev ever, future” 


that they will result j in cheapening 1 transportation. Inc other ‘the lll 

& . asked to do what is always unintelligent and ‘ideitilhes namely, to disregard 

as ih experience. ~ Surely, however, it cannot reasonably be asked to disregard very 

yecent ‘experience. The completion of the ‘improvement of the Ohio River 
an System is so recent that it ‘was: celebrated within the ‘Past year (1929). 
does this waterway show on a cost basis? 
Some very. interesting figures of “savings” to the public resulting from 


‘= ing to 715 551 472 ton-miles . Cost of canal maintenance and repairs amounted | 
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a report entitled “Transportation in the Mississippi and Ohio Valleys: 
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| and the Bureau of Operations of the U. Ss. . Shipping Board. 
this ‘report t the following statement is made: “Based upon a ‘ton- mileage of 
pr: 3 2649 000: 000 on the Ohio River System i in 1926, the savings in a 
= costs amounted to about $25 5 000 000. Howe 4 
From the foregoing figures, the “savings claimed appear to amount to 
a “< 0.944 cent per ton- mile. © Disregarding the fact that t the ton- mile basis of 
after |e Comparison is s peculiarly favorable to the waterways because of the fact ‘that 
routes, over any material distance, are almost invariably much 
% ireuitous than the « corresponding rail, routes, it is is interesting to note that 
in the same year (1926), the average ton-mile revenue of the eight ; principal Br ~ 
Class I railroads: in the Ohio Valley was only 0.883 cent. In other 
ie words, the w aterway ‘ “savings” ’ claimed amounted to 107 %o of the corresponding 
average revenue per ton- mile. At their average ton-mile rate of 0.883 


cent, ‘the adjacent r: railways would have carried the entire traffic sawed 
the Ohio River System for less than $23 400 000, or for about $1 
‘This average of 0.883 cent pe per ton-mile fi 
a all classes of traffic and is thus i increased by the inclusion of much high- mar ; 
traffic which the waterway does n not handle. The greater circuity of river routes 
f also distorts the figures in favor of the waterway. ‘a On the other hand, average 
hauls on the Ohio River System are relatively short on corresponding 
hauls, a average ton-mile revenue would be affected by the relatively 
: E part of terminal expense it would have to ‘0 bear. These 1 three factors cannot be- 
evaluated statistically. y. Despite this fact, it seems pardonable to view with | 
‘Fred: some skepticism statistics which indicate that the transportation of freight « on 
ilien il the Ohio River System r resulted i in savings to those for whom the freight was | 
carried actually exe eeding the total amount that the railways, at ave rage 
Jd have Tevenue per ton- -mile, would have received for handling 
1d been F - feel From the report of the Board of Engineers previously mentioned, the sei 
heaper” ment of the publie’s” money in the Ohio River System a appears to 
about § $240 000 000. _ A study of all the available data ii indicates: that for every 
he prit- of freight carried 1 mile on the Ohio River System the taxpayers are 
7 large paying | a cost of about 5 mills ; and those whose freight is carried are paying ? ait 
> it has B i a cost of about 5.5 mills, or a total of more than 1 cent, as. compared with an 
ortation average ton- mile revenue of less than 9m nills on the adjacent railways. 
+ future * proximately 90% of t the traffic b handled on the Ohio River System consists of q 


question such low-g1 grade commodities as coal, sand, and gravel. The average revenue 
e publie per ton-mile of the Chesapeake and Ohio and the Norfolk and Western, 


roads, which | operate: in the same territory | and the traffic of which consists 
ard very mainly of low-grade ‘commodities, especially coal, is only about 6.5 ‘mills, or 
io River 40% less than the average total | cost of transportation on the Ohio River 


What System. ‘Does this show “cheaper” water transportation, or economic j 
os Finally, what i is the situation on Mississippi River, third . of the 
ained i f _ Nation’s great w waterways? ? Itis impossible to obtain detailed statistics regard- 


Vall the Government’s investments in the ‘Mississippi for ‘navigation purpose 
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iled figures regarding operating costs, but the situation seems very 


.s aptly summed up in the report of the Inland Waterways Corporation for 1929, _ 


of [the ‘rivers’ ] upkeep be charged to the 


thereon, the only result would be to destroy their value as water ‘rights- of-way’ 
by raising the cost of transportation via water so high that no carrier —_ i 


operate and the whole policy of Congress would be defeated.” 


Clearly, if the imposition “upon earriers by water of charges merely 
defray thee cost of maintaining the waterways would make the cost of water 
transportation so > high that the water carriers could compete with the 
railways, it must be that the total cost of transportation by inland waterways 


is, and will be, greater than the cost of transportation by rail. In other words, | 


water transportation is made possible only through large Government subsidies, 
; paid, in turn, by the people at large in the form of taxes. po? ot et ihe 
49 ‘So much for cost! What about certain other in an 


efficient transportation machine? To be specific, what adequate and 


‘The following quotations from the ‘report of the 
‘ Corporation are highly illuminative as to ‘the ability of waterways to furnish 


adequate and dependable service. = 


infall during the months of May ay Jun une ‘was very deficient ‘sail 
by: mid-June we were beginning to have trouble on account of low water. olla ad 
Our greatest misfortune during the month of August occurred when the lower 
gates of the lock at the high dam between the cities of St. Paul and Minne- 
apolis gave way, permitting the water above the dam to escape and leaving © 
steamer ‘Altair a and six barges hopelessly stranded 
Bieniler misfortunes vis visited the Lower Mississippi. ‘Witness the report: 
“Within the last. five 1 months of 1929 we every detrimental 
“navigating element presented in the almost eleven earlier years of operation 
in an aggravated degree, resulting in serious interruptions to schedules and 
Bary revival of the service complaints which had been almost entirely eliminated. 


vee The inadequate channel was” comparable to 1922 with the exception that 


in 1929 a far greater area was involved and the duration of the low-water 
+ rs period was almost twice as great. In 1929 the detention to line vessels in 
ain active service directly chargeable to fog and unavoidable channel obstructions 
Was as follows: August, 1913 hours; September, 3 356 hours; October, 3 323 
me November, 743 hours; and December, 2047 hours. Ice closed the St. 

Louis harbor almost an ‘entire month earlier ‘than usual. 


— to the e third | division of the Inland Waterways Corporation, 
a 


oe “On the Warrior River we experienced the greatest flood period in our 
ae career, considerably slowing up operations. _ Normal tows of seven barges had 


to be reduced to two and thtee barges, in order that the power 


As regards the Ohio River, the following Associated Press dispatch “a 


sent from Portsmouth, Ohio, on une 5, 1980: 
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“Boat traffic on the Ohio River between Pittsburgh and 


ip Wie «a temporarily to-day when the water dropped so low as to make 
he navigation impossible. Lack of rainfall _ during the past several weeks was 
4) blamed. The Chris Greene went aground on a ‘sand- bar above here last night, — 
but succeeded i in breaking loose and later attempted to return down stream to — 
ne Cincinnati. A number of boats and packets tied up here rather than attempt 
A. passage through the sand-bars. The navigable stage here is 9 ft., but the level 
had dropped to 6.5 ft. to-day and was dropping rapidly. — ~ Above Portsmouth — 


al the water became so shallow that persons could wade across the river. ~The’ 
y water dropped below the navigable stage at Dam 30, Greenup, Ky., and Dam 32, 


‘Joan Ky. Dam 31, near here, was of no use to river traffic as wickets Fe 
had been raised several days ago to make repairs which will require three _ 


weeks, The Senator Cordell, bound from Cincinnati to Pittsburgh, tied up 
here because of the low water. Boats that stopped here were the Ed Kenna r 
_ pulling empty barges from Cincinnati to Huntington; the Otto Market | and» 
idies, _ the A. 0. Ingersoll, both b bound to Cincinnati 1 with tows of coal. BP . 
No further evidence is beyond these official statements, to indicate 
weakness inherent in waterways when it comes to providing adequate and 
dependable transportation. 4 Whether from ice » from | low water, or from high 
water, streams are affected by natural forces beyond the control of the engineer, 


ys 

rway i, be he ever so skilled. Reliable and adequate transportation, service is essential 

rnis 

- a 3 to National life, i in its present highly developed industrial stage. ° Such ser | 

railways give to ‘every section of the country. Such service the waterw ays 

at and a % ot _ The increase which has been made in the past decade in the efficiency of 


railway operation—marked by cheaper service , faster service, more adequate 


Minne- [— service, ‘and more e dependable service—has been characterized as one of. the 
leaving § outstanding achievements of the post- war era. Business, leaders of the Nation 
eapolis testified at length as to the value of this improved ‘rail ‘service, ‘both 
their « own industries and to Nation at large. ‘This t testimony is a 
port: of common knowledge, including in its list of benefits such factors as greatly 
imental _ Reduced | inventories ; release of capital frozen in transit; reduction of factory 
eration operating, expense, and “stabilization of labor forces; reduction of demurrage 
ninated. f° larges; receipt of | shipments i in better condition; increased volume of sales; b 


w-water that ‘the benefits derived by general business from the improvements made 
ah railway | service since 1922 are equivalent i in n annual value to a | reduction of at 
or, 3323 _ least 30% in present railway freight rates. Do the waterw ays offer any such a 


| the St § - service benefits to the Nation? They do not and, from their natural charac- ae + 
Ih determining ‘ ‘economic “justification” the fact cannot be disregarde 
"1 ae - that rail service is faster, 1 more dependable, and better in other respects tha 


1s th the transportation service offered on inland waterways. Therefore, | 
the | water service on an economic parity with rail service, the total cost of in 


transportation by water must be enough less than the cost by rail to offset 
this difference i in the character and value of the service rendered. It has often’ 
been stated—and, indeed, used as a basis for calculating water reel 
service is at least 25% more valuable than wa 


on that ' ‘ee the widening of potential markets. In fact, i it has been reliably | estimated — 
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he facts. ig the inland waterways indicate 


the total costs of _transportation thereon are actually greater than the 
"corresponding rail charges. cs They are ‘thus i in 1 the position of furnishing oorer 


service at higher costs. 


the ‘advisability of further waterway deve In the first place, 
proposed improved waterways, if developed, either will or will” not handle a 


material tonnage . If they will not, there is no legitimate 1 reason for spending 
; vast sums of p ublie money on their improvement. — Ht they will handle a 


material tonnage, this, ¢ “necessity, must be taken in large part from the 
railways. That ‘the waterways, as their advocates: claim, will develop any 


considerable volume of “new” tonnage is hardly susceptible of proof. ‘This i is 


not to deny that the ‘development of new waterways, , under some conditions, 


“may in increased. traffic for certain railways adjacent thereto; but in 
main it appears that ‘such problematical increases in traffic on certain 


; railways may result only through | the relocation of industries, to take ‘advan- 


tage of the ‘possible lower water conveyance charge and to profit from the 
public transportation subsidy financed by the taxpayers. ‘Under such circum- 
stances, traffic, gained by. one | group of railways will be traffic lost by another 


rail | group. Ati is impossible to avoid the conclusion that if improved inland | 


waterways attract the traffic which | their advocates foresee, there will be a 


igh rand reduction. in the tonnage that would otherwise be offered to the rail- 


Tete 


‘ What will this mean 1 to rail costs and rail service? ~The inability of ‘inland | 


5 
ioned This ‘inability. Means that ‘the railroads, as an economic “necessity, 
must maintain surplus transportation ‘capacity to be able to handle adequately, 


f dependably, and efficiently the waterway traffic (or a considerable part of it) 


2 “periods | when the waterways, from causes beyond human control, 


Such periods: have occurred 
imes without number i in ‘the past. 3 ‘That they will recur is ‘beyond question. 
Meanwhile, what ‘of the railways in those years in which the waterways 

to furnish their ‘service e and it in n which trafiic i is s attracted : from the rail 


capital costs on the railway plant? How “will thei properties, necessary 


. time of waterway failure, be supported under a reduced tonnage? «At is 
vious that this r remaining r rail tonnage must either bear higher rail charges 

. In either case the same practical effect 

produced —the cost of rail transportation is increased. 
This economic necessity for r railroad transportation « capacity to assume - the 


carriage of water traffic i in those inevitable periods when the waterways cannot 
~ function se satisfactorily is i in . striking contrast to the second argument a advanced 
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.rt, by L. Cornish, 


the ish’s upon his conclusions, as viewed in 1 the light of 
traffic changes on the railways i in the forty years since 1890, “may 

as way freight traffic will reach the ‘stangering total of 870 000 000 000 miles. 
Revenue ton-mileage in 1929, the highest figure ever reached, was _approxi-- 
e : 


mately 450 000 000 000; 80 Mr. Cornish apparently. foreades increase 


ta % 420 000 000 000 ton-miles in the next 21 years. What i in the record of the past 
the Statisties of ‘railway revenue ton-n mileage are available for the past forty 
e From 1890 to increase in railway freight traffic: 
1 
| therefore, 12% in excess the increase in the entire last 39 years. 
ai The ° increase i in the 21 years from 1908 to 1929 was 232 000 000 000 ton-miles. 
dvan- 

he increase that actually within ‘the last 21 ; years. 
n the s ae Even more significant 1 is the marked change which has occurred ‘since 1920 
even | in the trend of railway, freight traffic, : a change characterized not by an increas- 


_ing growth, but by a rapidly declining rate of growth. From 1890 to 1900 
there: was an annual average increase in railway ton- mileage amounting to 


000 000. In periods the average increase was as 


fourth as great as in| 
1910- 1920, only about one- e-third as great as in 1900-1910, and only about 
thirds as great as in 1890-1900. In the light of this ‘marked retardation 1 since 
1920 ‘in the: rate of growth of railway freight traffic, it seems extremely doubt- > 
“ful whether the increase within the next 21 years will exceed 125 000 000 000 | 
_ton- miles, which would make the total freight t traffic available for the railways” 


cessity, 
uately, 
of it) 
control, 


ecurred ‘in 1950 only 575 000 000 000 ton-miles. Mr. Cornish estimates* that “railroad 
mestion. “renewals and increased operating efficiency may provide” for ‘the handling 
ays of about 650 000 000 000 ton- miles in 1950. It would appear, therefore, from 
the rail “the actual experience of the past” decade, and Mr. “Cornish’s own estimat 
What 0 f of the amount of traffic that can be handled by rail in 1950, that the railways 
ges “not only will not need any “relief” by waterways in 1950, but will be able then, 

Tt is as they are now, to more traffic than is available for them. 
‘ose fe The railways have no fear of an overwhelming increase in traffic, in view 
| of the ‘experience of the last decade. On the contrary they fear, and with 
, that the retardation in the rate of increase in their freight traffic, 
sume - caused at least i in part by the loss of business to their subsidized competitors ee: ; 
os may result in a situation wherein it may be difficult to support their properties. — % 


Proceedings, Am. Soc. C. E., March, 1930, are and Discussions, 561, 
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ON RAIL AND WATERWAY 


ady in “capacity have been in various “parts of 


railway plant. On the Class lines the number of passenger- ‘train cars has 
fil? fi 


been reduced from 040 in 1924 to 097 in 1928; ‘the number of 


motives, from 65 358 in 1924 to 59 391 in 1928; total locomotive tractive power, 
<a from 2 611 1 000 0¢ 000 Ib. in 1926 to 2 580 000 000 Ib. in 1928; the number of freight- : 
; carrying cars, from 2 357 284 3 in 1925 to 2297: 677 i in 1928; and the total carry: 
ing capacity of freight cars, from 105 953 000 tons in 1926 to 105 327 000 tons | 


ae in 1928. Further, in the peak year of 1929, the average daily freight- -car sur-_ 
a 4 plus at no time fell below 107 000. < In ‘the face of these figures it seems obvious 2 
- that the railways’ imperative ‘need i is ‘not for ‘ “relief” from traffic, but for a 


ton taken from the railways increases the unit (sont, 


It thus app appears ‘tian the available evidence on the three 
it appears that 


> able transportation service it appears that if the proposed development 
inland “waterways attracts to ‘those w waterways the of which is 
a ino predicted, there will be a material loss i 
oo B 2 wise would move by rail, while at the same time the ts eg must maintain 
surplus transportation capacity against the inevitable waterway breakdowns; 
it, appears that there is no necessity - for waterway development to “relieve” ; 


the railways. In consequence, W waterway development will mean that the 
traffic which these waterways may will be handled at a higher cost 


ne on 1 the remaining rail traffic or the quality of rail service reduced. . J in 


other words, the only results of further inland waterway development seem to 


be increased National transportation costs and impaired National transporta- | 


g Those who favor the development of waterways doubtless will anewer that 
k the facts presented herein do not prove the greater cost of water transporta- 


~ tion, as compared with rail transportation. Tf 80, let them come forward with 

) Detter data—data such as would be convincing to any trained student of busi-_ 
ness ¢ and economic problems. most outstanding fact regarding this con- 
R troversy_ concerning | the comparative costs of water and rail transportation is 
the lack of -eredible ‘and convincing evidence in support. of the claims: made 
% ast to. the low and prospective | costs of transportation. on inland waterways. 
‘The public i is being asked to invest hundreds of millions of dollars in waterway 
improvements, and in behalf of this expenditure claims as to the cheapening 

of transportation will result are being made, which are not. supported 


either by the parts, derived from past experience or adequate « data ; as to future 


eo eas The Nation has to-day a railway system which is being operated efficiently | 

and is more than adequate to all the demands being made upon it, © When it is 
roposed to develop another system of transportation by the expenditure of 
which, 3 it is claimed, will “carry freight at less. cost ‘than the 
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existing means of transportation, ~~ burden of proving that claim obviously — 
_ rests upon those who make it. As this other means of transportation is to be 


* provided by increasing the taxes of the public, it is obvious that its development _ 


- eannot be economically justified except by ‘showing that it will probably, , and, 


* because it will cause part of the Nation’ 8 freight to be carried for lower | rates 
than it would be carried by rail simply evades" the real issue. | The | cost of 
- transportation, whether by airway, highway, waterway, or railway, i is the total 


- amount that has to be paid to provide ‘such transportation, 1 regardless of who 
pays all or any part of this cost. All Il the people directly or indirectly pay 
| ir both taxes and freight charges. The question of the expediency of developing — 


wer, 
sht- Ps indeed, almost certainly, cause a reduction in what the public mu must pay for 
rry- . freight transportation that will exceed the increases in taxes it must } pay. 

To say that the development of waterways will “cheapen” transportation 


that 

“freight charges. involves the questions, first, as to whether the 
agi | increase in taxes will or will not exceed the savings in freight charges directly _ 
n 


by the development of the waterway; second, as to whether there will 
S = not result a diversion of traffic from the railways that v will make it necessary - 
them to charge higher rates on their remaining traffic than would other- 


“ in the total amount that paces be paid for transportation by both rail and 


water, those who pay the increased taxes will be the beneficiaries of the reduc- 


wise be x necessary; and, third, as to whether, if there > actually i isa net reduction <i 


lieve’ 
it the 
r cost 


xe will 


tion in freight rates, 
bons Not until the advocates of inland waterway development squarely meet these 
"questions with data such as as would be convincing to private capitalists who — 


“were: being solicited to invest their own 1 ‘money, will inland waterway devel- 
whe aoe be discussed on its merits as a National economic and business prob- - af 
to lem. The ‘American public is being urged to invest a large amount of its 
4 

at “capital i in inland waterways to increase the prosperity of the Nation, and not 

of certain shippers, communities, or territories. It ought not 
er ee invest it, or r be asked to invest it, on the basis of information any less com- 
a ith Foren convincing as to probable costs and savings than that which would. 
petted be demanded by business men who © were being asked to invest their own capital. 
of busi- _ This country has had more than a hundred years of experience with inland | 
nis con: transportation. ‘Would a private business, after a hundred years of 
ation is J experience in its own field, spend dollar. for development on 1 prophecy 
al made © Would it not search the records of the past for a guide to the future si Is it - 
terways "unreasonable to ask similar prudence i in Government expenditures? 
justification” is adequate reason for future waterway 
— q opment in the United States; but in accepting this reason it would. appear, 7 
upported frst, that the should be interpreted as a reduction in total National 
transportation costs ; and, second, that it be s supported not ie belief, opinion, 
theory, or "prophecy, but by facts: and facts ¢ alone. 
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AMERICAN SOCIETY OF ¢ CIVIL ENGINEERS 


= 
4 * “hot ~ for any statement made or. 


J. Viroxn D. Am. Soc. (by letter). t—In order to give 
complete story of the work, this hg paper must be read in connection 


with the prev jous one by R. Keays, Am. Soe. C. Es Certain aspects 
which had influence and bearing the final result, are considered i the 


a 1913, the Tunnel Commission of the City and County of Denver, by its he Ol 
‘Board of f Engineers, Messrs. Brunton, Davies, and Finch, after considering 

carefully a a geological report prepared for the Commission, reported on the 

recommending the present general location and profile of the tunnel. 
Further, under | pre- -war conditions, estimates of the probable cost of the tun-— 
construction. were prepared. that time the question of water supply 

Was | not t looked upon as important, but to meet the requirements of the 1 law a 

it was ; contemplated that | pipe . conduits might be laid in the floor of the tunnel 

L itself. It was also contemplated that the railroad tunnel would be equipped — 
and operated by electric power. - The geological Teport indicated no likelihood 
of encountering anything but sound hard rock, » although it might be of vary- 

In ‘the preparation of the Moffat Tunnel Law, 
“given to the excessive advances in cost under post-war conditions, and only > 
an arbitrary addition was ‘made, as : stated in the New Act, in the 1 sum of — 
$2 300 000 over that provided in the earlier law, which had been declared by 
o ‘The Engineering Board and Staff ‘consequently | came into the problem of 


“construction of a new project with hands already tied, on a definite location 


This discussion (of the paper by Clifford Allen Betts, M. in. Soc. C. E., published 
a 1930, Proceedings), is printed in Proceedings in order that the views expressed may be os To 
before all members for further discussion. 
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elevation, with an estimated cost declared in text of the law, and 


with a ‘real 1 problem for water supply to be included. The Commission had | 
power to. equip and electrify the tunnel and approaches for oper ration, Tn 


"earlier years this electrification had been | desired, and planned by the Railroad 


_ 3 Ocanpany, , and, it was a anticipated, would be installed i in ‘the completed tunnel, pr 

Previous. the preparation of plans for the tunnel, as now ‘constructed, 

_- "the Board visited the site with ‘the State Geologist, py indicated that the fr 

valley ‘erosion, on the west slope, might be deep, s ‘so that if a change 

“were made in the location by a a. fow hundred feet ina southerly direction, 

it would ensure the entire western half of the tunnel | being i in solid rock we 

throughout. Asi is now known, that view was only partly correct, for : although © he 

the rock ‘existed continuously, its physical structure was most deficient. Th 

4 doubt on the part of the Geologist, was that the glacial valley would be $0 Ea; 

deep: as to intersect the tunnel section in the branch of Buck Creek nearest 

_ the Western Portal. T ‘here was ‘no doubt expressed as to the the quality o of bed- 

7 ies. With rock of ihdx or ‘less uniform character there appeared no reason why 2 

rai 

_ ~progress in driving should not h have been equal from both ends ; consequently, | @ 

of 


* 4 the grade of 0. 8% originally ec contemplated was increased to. 0.9%, with the 


apex of the eastern -and western gradients as nearly as practicable at the | 
middle point of the: tunnel. . This increased grade would be no ‘detriment 


if the railroad were to be operated with electric power, particularly as the MB + | 
grades at both ends, are 2% up to the tunnel portals. The easten 
gradient: 0.3% ‘was maintained for proper. drainage. The work of con- 
struction was in active progress with those established gradients, when ‘the 
Railroad Company determined that it would not electrify for operation, but 
a would use steam power, for which it considered the 0.8% gradient to be P 
Vital, 2 and artificial ‘ventilation to be an absolute essential. 
a In view of the fact that the rock generally from the Eastern Portal to Con 
ie ridge of the Rocky Mountains was hard and practically dry, it was not we 
thought that the driving of the eastern: end over the apex for longer 
‘distance would be of material consequence. From this change arose one 
of the serious difficulties which developed later and has been recorded. 
Mr. Betts 1efers to the absence of diamond | drill borings. * Tt is open to Bey 
whether such borings, if made, would have altered the. situation. 
appears certain’ that the pre- -edneeption of the Geologist as to the depth of br 
glacial valleys on’ the western slope was probably under-estimated. 
attempt was ‘made, before finally determining the axis location, to dig pits supp 
from the surface in ‘order to locate the rock floor below. the west branch of to ev 
Creek, only to find glacial moraine of boulders and "bearing ment 
heavy water. if! The : rock i in the tunnel on the ‘western side of the Rockies, to and ; 
outward observance is sound native ‘material, but has been rotted, probably B 
by: water infiltration on imperfectly fused material. It ‘seriously lacks sup- alr p 
porting ‘strength. in the small section of it would 
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| 


Hees, Further, the moraines are a vast r reservoir of water from melted snow, as 

that is ‘practically the only ‘source of w water to creeks or on the soil, from 
higher elevations. As Mr. Betts states,* while ‘oidhy a few thousand feet of © 

us the tunnel was ever anticipated to require artificial support, the final eee 

proved that every bit of the western half needed both temporary and per- 

7 manent support. Fur ‘ther, the heavy | water encountered i in the tunnel driven 

a from the East Portal, was tapped practically under the summit of ‘the Con- 4 
-_tinental Divide. This clearly shows that the fissures in the rock through 


which the water | flowed came from: the great Ranch Creek Moraine on the © 


concern as to the ventilation of the 6} miles of tonnel the’ ‘pountain; 
7 particularly as the usually existing higher barometric pressure : at the western 


dig pits” 


ranch of 
yckies, t0 
probably 


end, added to the difference in actual elevation of the portals, made it certain £ 
that there would be adequate current of air to provide purity for passengers 


ext 


xl 
‘workmen, as well as for cattle, which constitute an important element 
: in the traffic eastward. ‘When, however, it was finally determined that the 
railroad would be oper ated by steam power, the problem of ventilation became 


vital importance, “necessitating determination of those factors ‘relative to. 


_ which little or no authoritative information was available, particularly as to” — 
frictional resistance to the movement of air in such tunnel. 
Engineering Profession is deeply indebted for these’ investigations to ‘the 
Ss. Bureau of Mines, its engineers, and to Mr. Betts. present method 
of operation and ventilation can be considered efficient only until the time is 


reached | when traffic over’ this route increases so as to. Fequite electrification. 


“ine respect of the Commission and its officers, as well as on n' the part of the 


t 


Contractors and ‘their staff. ‘The high ‘elevation and remoteness of the camps 
"were sources of. anxiety from the first. ‘The original specifications, ‘prepared b 
in the hope of obtaining straight unit price bids, were greatly ‘elaborated so 
4 as to obligate any contractor to install and maintain the most ‘complete pos- 4 
sible _ equipment, ‘sanitary facilities, and general camp hygiene. Notwith- 
7 standing the fact that the | provisions of the contract and administration of 
the work were completely changed, those provisions a: as ou utlined | were carried | 


Wi? 


out to ‘the fullest limit, to the great advantage of the Work. sa wBaagh ay 


ods R. Kerays,t M. Am. Soc. C. E. (by letter) .t— —This valuable contribution 
supplements | the paper previously submitted by the writer,§ especially ‘ae 
to events after 1925. The very valuable description of the ventilation. -experi-- 
ments and the ventilation plant move one to attempt to. supplement this feature 
and make a few general remarks on the ventilation of long railroad tunnels. a 
sin Besides the system described the author which is 


Soc. . E., April, 1930, rs and. Pp. 687. 
t Received by the Secretary, July 15, 1930. 
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Papers. 


ventilation. — ‘In this system the mass of air in the tunnel is pushed forward 


by the pressure caused by numerous jets s of high-velocity air, introduced at 
one of the ‘portals of the tunnel. These air jets are arranged i in an annular 


and point into the tunnel parallel ‘to the walls. 4 


‘The Sacchardo System requires" a ventilating fan to work against a much 
"higher pressure than the direct displacement system. Because there is a rather 


definite and low limit to the pressure to be developed by a fan, and because — 
longer tunnels naturally require greater pressures, it is very difficult: 
apply t the system to the longest tunnels, 
un An important objection to its application is that in the a ae System 
the ¢ current of air is not reversible unless one has a plant at each end. 1. The 
: great advantage « of the system, however, i is that both portals of the tunnel are 
open at all times, that the ventilation ‘system will always: function. With 
the direct- -pressure system, there can be no ventilation ghee the iil | of the 


curtain door is obstructed by passing or standing train. 
ae In any system of ventilation _ the question also arises as to whether to blow | 
with or against the ‘movement. of ‘the train. 7 In the system as described by 
Mr. Betts, the ventilation is against the train. _ Ven tilating with the movement 
of the train, however, is somewhat safer i in that the si smoke from t the locomotive | 
travels ahead rather than back among the ‘passengers: and crew. To blow with ' 
_— the movement of the train, however, requires much greater volume and velocity 


air, unless the speed. of the train is kept very slow. no 
bo. 


In the case of the Moffat. Tunnel, ae: is impracticable to re ely on the 
Sacchardo System installed at either: end. At the east, end, the. air pressures 
would” have to be made high enough to overcome the large and almost con- 


 — difference in the barometric pressure of the atmosphere between the 


two portals, while, if installed at the West Portal, the blowing would have to 
4 = : be in the | same direction as the heavy traffic. _& plant installed at the W est 


_ Portal would ee cost much more than one a the East Portal because the 


electric power, presumably used for operation, comes from a plant 
_ on Boulder Creek, which is some distance from the East Portal. al. 4 A power | 


over t the range would be difficult to maintain and a line through the tunnel 


Sacchardo ‘System, ai as writer understands it, was first applied 


* on one of the ‘Apennine Tunnels, i in Italy, and ‘was so successful that later it 
was used on all ‘other mechanically ventilated tunnels in Europe, with the 


single exception of the Simplon Tunnel. . In each case the blowing was against 
gis 


heavy traffic. In the case of the ‘Simplon Tunnel, which is single track 
Pas” and more than 12 miles long, it in be imagined that some very high pressures 

would have been necessary with the Sacchardo System to induce sufficient 
draft. The only recourse, therefore, was the direct-pressure system. 


z he writer has had the pleasure of passing ‘through most of the long ‘tunnels 


— of Europe and wishes to note here that there is apparently 1 no longer any y venti 
lation problem because all the railways have been electrified. sei Trains pass 


through at high one aware of the existence of. ‘the tunnel. 
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a 


By W. W. Horner, M. Am. B; b Ye 


ive 


Horner,t+ M. Am. Soc. C. E. letter). +—Every “designing ¢ en- 


gineer responsible for a combined or a storm sewer system would like to say: — 


uP “Ta am proportioning n my ‘sewers and drains to take the run-off corresponding 7 


to a 10-year frequency (or other frequency, as the case may be), because I 
have analyzed the conditions that will prevail when the less frequent and es 


ware 


“T find that rains to the -year curve will overcharge the 


aes a sewers by a certain percentage, will cause a raising of the hydraulic grades q 
eW est - which will back water into a certain percentage of the basements; and will ‘ —* 
use create damage in the amount of so many dollars. I find that: ‘the still less 
g plant frequent and more intense 20, 25 and 50-year types of rains ‘produce 
ver line certain additional definite damages which I have evaluated. 
4 _ “Summarizing all these damages, it appears that the average ‘annual | 
damage which will result the occasional insufficiency of the sewers 
_ designed for the 10-year rain has a certain definite value, the capitalization — 
of which is less than the cost of providing more capacious structures. Con- yin 
later it "sequently, my choice of a 10-year frequency ‘represents the exact economic 


ol 


against It j is highly improbable that any engineering designer has ever n made any 
Je track statement of this kind. «Until now there has not been available a suficiently i 
ressures good understanding of rates” frequencies to justify such study, 
ufficient nor has there been any indication that the characte ter 0 f land improvements 

within: a drains nage area can ever be so definitely known, and the use of the 

4 improvement so completely determined, that damages on the basis suggested 
could be ar arrived at with any reasonable approach t to accuracy. “Most engineers 


“determine their | choice on the knowledge of the temper of the. citizenship and — 


_.* This discussion (of the paper by Charles W. Sherman, M. Am. Soc. C. E., published © a Pissit 
in April, 1930, Proceedings), is printed in Proceedings in order at the expressed may 
brought before all members for further discussion. 
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"HORNER ON EXCESSIVE RAINFALL AT BOSTON, MASS. _ [Papers. 
sewers of a certain size, because they have come to believe that 
ties of smaller sizes would result i in such: frequent overcharge as to produce | 
a mass of small ‘damages and of great. ageravations; and that the people are. 


_ willing to for his particular type of sewer rather than to, undergo the 


inconvenience and expense which the ‘smaller and ‘cheaper structures will 


It seems most unfortunate that a ‘analysis has not been 


Although the extremes of detail set ‘out in the hypothetical ease 
‘noted are never expected to be available, it is desirable to approach 


"93 
condition. Sherman’s studies and results certainly offer at least a little 


There have been studies of rainfall frequencies of short storms in ‘the 

past. “Many engineérs have delved into ‘the matter erudely for office ‘pure 

“poses. One very good: preliminary study of this kind has been presented 

> in the progress reports of the Committee on | Rainfall and Run- Off” of the 

- Municipal Engineers of the City of New York, but nothing Kittbelion has 

approached Mr. Sherman work in the logic of handling, or in the careful 

any difference: of opinion were possible, it might lie in the placing 

of his « curves with reference to points between 30 and 70 hours’ ‘duration. 

Tt looks as if “his' frequency curves are ‘somewhat higher than data 

justify for: these longer storms, and this possibility is further borne ‘out by 

inspection of Fig. 2.* If storm of considered | being 

possibly of the 100- -year order, then his frequency envelope ‘might 

_ Considering the entire economic phase again, it is possible that the writer 

4 is one pessimistic as to the ultimate possibility of definite detailed analyses. 


likely to be for developing areas, it is not 


such ‘treatment. When and. if such “oegasions do arise, 
the: author’s data will be of inestimable value.) 


* Proceedings, Am. “Soe. C. E., April, 1930, Papers and Discussions, p. 724. PUTTS ase oy 
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ANALYSIS OF CONTINUOUS FRAMES: 


cussion*® 


in 


Assoc. M. Am. Soc. ©. E. by letter). +—The guthor 


By Messrs. C. P. V E. Grinter, S. AA EReMin; 


ration. 


sents an ingenuous method for determining certain ‘statically indeterminate 2 
tats q quantities in continuous frames, one of the main advantages being the absence — 
of any any mathematics except ‘the simplest arithmetic. 


S| He illustrates the application of ‘his theory by analyzing a certain hypo- — 


-thetical frame. In a way it is ‘unfortunate that this particular type of struc- 

SA. ture has been chosen as an example, as the weaknesses of the principle are here 


nal ses. 
apparent. Had the author chosen, for example, an ordinary continuous 


Sue girder, they would not have been evident, and it would have been more clearly 
for well 
3 foun 4 demonstrated that he has ad added a new method to those already known for solv- 

ee ing one of the most common problems i in modern concrete | engineering. - eu 

ae | "Considering Fig. 1,§ it is at once apparent that the ‘vertical “component 


oy the reactions at F and G cannot be determined by the method. outlined in 


paper. In consequence, ‘the direct stresses in the members, F and C 


Those familiar with the of least work will ‘recognize that this 
aa ‘because of the author's neglect of deformations due to. direct ‘and 
ear. While the latter may often be safely ‘ignored, “neglect, of the former 
. 

is dangerous in many cases, the given example being one of them. 
Tn his “Conclusion”,| the author lists up to seventeen different points which 
not been. dealt Ww vith. 1 The w riter could add a great many more which have 


Just as much, “and more, to do with the subject, under discussion, such as the 


.,." This discussion (of the paper by Hardy Cross, M. Am. Soc. CG. E.,. published in May, 
Proceedings) is printed in Proceedings in that the views expressed may. ; 
_ brought before all) members for further discussion. port 
Office Engr., Great Western Power Co., San Francisco, Calif. 
Received by the ‘Secretary, 2, 1930. 
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y 
influence of variation in temperature, the ‘yielding of foundations, wai the 


shrinkage « or swelling of members if built of concrete. 


- _ The writer does not agree with the author’ 8 closing remarks* concerning the 


value of a correct analysis of statically indeterminate structures. ‘Stresses in 


4 ‘most, although admittedly not as yet in all, such structures can be determined | 


completely and correctly using those ‘assumptions—only those assumptions— 
which are also used when analyzing statically determinate, or simple, struc- 
tures. Boron -cuts and | approximations are permissible if one is in a hurry and 
it. the error is” negligible and approximately known, but the value of an 


approximation is only by the number of assumptions involved; 


assumptions to those generally cused in engineering, and, therefore, : should 


preferred _ wherever possible. le. Also, an an engineer should “hitch his wagon 


E. Grivter,t Assoc. M. Aw. Soc. C. E. (by letter). ¢—In presenting this 


OP paper, Professor Cross has made generally available a highly valuable method 
oof structural analysis, w which has | prev viously been known to relatively few 
_ engineers. This method of balancing fixed- end moments was suggested to 


Bis 


. the y writer a number of years ago by Professor Cross. _ Subsequently, he has 
- found need to develop it to care for the balancing of shears or deflections, of 


a hrusts or joint forces, and of angle changes or joint rotations. Bor Page! aa) 
Considered in its entirety, this is clearly a general m ethod of successive 
7 = In the form suggested by Professor Cross, one starts with fixed: 
es end moments and the corrections are computed from the effect of allowing the 


joints to rotate in succession. The method is, therefore, either approximate 


or T exact to any desired degree, depending only or on . the number of ¢ corrections 


mation in n that the operator instinctively senses the of error involved 
> a discontinuing the logs of the corrections at any given stage. of the 


process, and natural 
Lice 
‘reached. 


putations involve ouly the use wel and (3) of ease of 
‘since each step of the process has a definite physical significance. - 


be _ These statements are borne out by the fact that the method i in its simplest i 


a 
moments on a continuous beam—is easily digested by juni 


4 engineering students and retained to the extent that, guided by a few sugges 


tions, they readily "make use of it in the senior year. _ Any one who has 
attempted to have senior 


students make use of the method of three moments, 
without considerable coaching, will appreciate the 


of Structural Eng., Agri. and Mech. of Texas, Station, 
Received by the. ‘Secretary, June 6, 1930. 


* 


wae 


a 


a 
q enough new assumptions are added, the answer may be valueless. 
{ 
— 
q 
re: O ecause one wastes nd 
waa urther advantage: speed, beca 
14 
— | | 
4 > 
a 
except for equal spals 
riais frequently do not give the three-moment theorem, a: 
i 


Pa per s. 


ind the 


ing the 
esses ‘in 
srmined 
otions— 


rry and 
of an 
wwolved; 
ced. If 
\ded any 


wagon 


ing this 


method 


vely few 
ested to 


‘tions, of 


uccessiv 
ith fixed- 


wing t the 


roximate 


rections 


 approxi- 
involved 


ge of the 


2cision is 

wastes no 
all” ‘com 
embering, 


simplest 
by junio 


1930.] GRINTER ON ANALYSIS FRAMES 

‘simplified loads. By balancing fixed-end moments, the finds 
little added difficulty i in handling unequal spans, complex loadings, or even a 


8 variation of moment of inertia in the several spans. Of course, variation of 


_ moment of inertia within a ‘single span can be handled only by the advanced 


writer feels that much of the simplicity of this is method ‘is 
“upon a complete visualization of the corresponding physical action of the 


structure. In most methods of analyzing continuous frames, it is customary 


to allow rotation and translation to take place freely by inserting pins and 


sliding: plates” into the structure. Later in the process, continuity is 1 repro- 
- duced by the application of forces at the cut sections. By the | same reason-— 


ing it becomes clear that one may apply any number of restraining forces = 4 


moments to a structure as long as these restraints are removed later. 


In the simplest case, that of balancing fixed- end moments where joint 


translation is not involved, the physical action is best described as the appli- 
“ cation and successive release of restraining moments at the joints. As these 


moments are released, each joint rotates until it takes its proper slope. “When 


at the ‘rotation therefore, acts physically a ‘which’ is 
- supported at the near end, fixed at the far end, and which, at the same time, — ¢ 


- is undergoing rotation at the near end. The resistance of such a beam to 


rotation is dependent upon its physical prapation, or —— value. As Professor 


Cross, points out, this value must be replaced by the necessary 


7 produce a unit rotation at the near end, if the beam i is not of uniform section. ‘a 
| Again, the physical action of such a rotating joint» readily clears up the fact 


MIG 
Yaa The carry-over moment may best be looked upon as another characteristic = 
of the physical action of structure. a simple beam of uniform 
section is is rotated s a gs one end, the far end rotates through 


unba d 1 ting at the 
joint in direct proportion to their stiffness or to rotation, 


the far end one-half mat Using the 
ordinary sign convention 0 of beams, the carry- over factor i is accordingly 
of the balancing moment. For a biddcii of non- -uniform section, « or for one not 


- fully restrained at the far end, the imaginary angle change | to be corrected 


att the far end would not be exactly 50% of that at the near end, and the carry- a 
over factor would be different from 50 per cent. 
ORY i ‘The writer would like to emphasize the fact that it is not necessary to con- 
a sider the far end of the member as fixed. It might be allowed to > rotate freely 


and the angular change later be taken ‘into consideration, or “restraint 
be determined a moment carried over in proportion to this” 


‘Testraint. The writer occasional of the conception of free rotation 
ore 


ter wus t 
— a method of balancing angle changes, and frequent use of the idea of 
estimating the end restraint in an approximate ‘method of ST moments. Fas Dee 


] 
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. The viewpoint that he w wishes to make « clear, however, is that one may ay consider — 
8 any joint as fixed, free, or partly restrained, at will, at any point in the 

process. It is only necessary that the recorded data. be consistent. nt with the 
a= h physical action of the structure, that all artificial restraints be anally released, 
bie oh The writer makes use of the term, “balancing,” to indicate the process that 

Cross prefers to call “distributing. This matter of terminology 
is of small moment, except that. for ‘clearness it has seemed desirable to reserve e 

the term, ‘distributing,” to explain the process. of dividing a known: moment 
in one ‘member among t the other 1 members meeting ata joint. “Balancing” is. { 
where an externally applied moment ‘is divided among all. members 
4 meeting at a joint. ‘ When sO defined, “distributing” i is a process to be applied 
"when “cunning out” ‘moments through. a continuous frame of which only 


Single span is loaded. This method was mentioned in the preceding } para- 
said graph ¢ as an ‘approximate method of balancing moments, where 1 the carry- over | 
_ « pes is deter mined from the restraint at the far end of the member. _ in 
2 It to be expected that among several investigators: starting with the 
_ same conception as to balancing | of fixed-« end moments, each should finally 


develop a different ‘system for accomplishing this purpose. writer’s con- 
vention of signs and method of recording the results are tty, 


‘The sign convention used by Professor Cross is that given 
horizontal | beams i in the > study of strength of materials. i i his i is ideally adapted 
to the discussion of moments in horizontal beams, but it has always: seemed to i 


- the writer to be misplaced when applied | to column moments. . When thus: 


used, some secondary sign convention must be adopted, such ‘as the agree- 


at that all columns will be considered as rotated through an angle of 90° ‘a 


ina clockwise direction. (Professor Cross suggests rotating the sheet instead. 
When members meet at various angles, as in secondary stress computations, - 


ep 


th convention of signs for strength of materials becomes ‘still more confusing. 


In order to obviate this difficulty, the writer prefers to adopt the simple sign 


‘convention that. positive moment at. the end of any member tends to rotate | 


the adjacent joint clockwise. convention aittomatically cares for the 


signs of horizontal, vertical, and diagonal members. 


: se ns In applying this | system, it has been found to be a simple matter ‘roughly 
to sketch the shape of the deflected structure with fixed ends. This process 


: has the double ady antage of fixing the signs beyond question and of pene 


fig 


is worth noting that a member which does not 
a point of aie has moments ¢ of opposite sign at the two ends, 


point of contraflexure i is “indicated by moments of like sign and two points 
tht 


of contraflexure | again by moments of opposite sign. * The distinction between | 


: “none and two points of contraflexure can not be drawn. from the signs a the 


end moments, but is evident from the condition of loading. OR Bra 


th convention i is used, the signs of the balancing moments | around 
any joint are unusually ‘simple. the resultant anba anced moment. is posi: 
tive, all balancing moment's are negative, and their sum is equal to the total 
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vite 
unbalanced x moment. .T TI us, the total moments after balancing around the joint 

add up. algebraically to Zero. In “comparison, one notices that the algebraic 
sum of all moments around a joint is is not zero when written out according to 


oes 


Yu 
10 
ne 


The carry- over moment, which | is 50% of the balancing moment for a 


va 
a of constant section, is of the same sign as the balancing moment. a 


» This fact is evident ‘as the physical action of rotating one end of a — | 
the far end is restrained or fixed produces one e point of contraflexure. 


convention of signs accordingly has the flowing advantages: 

1—Girders, columns, and members are handled in identi+ 

: —The algebraic sum of all ‘moments around a balanced joint is - 

sign 
otate 


—Carry y-over moments are of the same sign balancing 
it 


seem | roduce a 


that reduces the ‘possibility of’ error to an minimum. 


In finally comparing the ‘sign convention used herein with ‘that recom- 


"mended by ‘Professor Cross, ‘one is naturally influenced in his decision 


preference by his previous experience. One’s personal system, even thowgh 


‘more tedious, i is ‘always more satisfactory to him than gnothee with which he 


is’ ‘less familiar, It is of interest, however, that both ‘sign conventions are 
y used in “@iiher system m. The signs set up by Professor Cross must be 


interpreted in terms of clockwise or _counter- -clockwise rotation in order 
check O ata joint. ‘Similarly, the sign convention used by the writer 
tb fetred' back 0: 
4 must be trans erred back into terms of fiber | stresses if a moment. ‘diagram is 
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next eliminates the possibility of neglecting to 


over certain moments. — F urthermore, | as the e carry-over moment is is balanced 


4 at the same time as the original fixed-end moment, a given number of balances 


ii will further be found advantageous to balance i in succession those. joints 
which have the largest” unbalanced ‘moment. It is useless to balance a joint 
early in the process v which has is merely a slight unbalanced moment, because 
the carry- -over ‘moments - from adjacent joints will later ¢ entirely y disrupt the 
carefully calculated balance. If If one | adopts the system of drawing a horizontal 
+ line under all ‘columns of moments at a joint each time the joint is balanced, — 
ra a single glance will | serve to point out the joint a at any stage of the process — 
Which has the largest 1 unbalanced 1 moment. 
most rapid convergence is ; obtained, therefore, by carefully selecting 
the proper joint to balance : at each step of the ‘Process, , and then by carrying 
over the ‘moments before passing on to another joint 
he handling fixed ends” and pin ends, the writer. prefers to follow the 
is. 2 procedure indicated by a study of the physical action of the structure. A 
fixed end cannot rotate and, , therefore, cannot be balanced. . The original fixed- 
end moment plus the carry- over moments, accordingly, add up algebraically 


to give the final moment. pin is entirely free to rotate and has 


SO) 


moment. The fixed-end moments and all ce rry- over moments therefore must 


be released by allowing free rotation at the pin. In recording the data, this — 


_ free rotation may be looked upon as produced by the application of eit ee 


; me ae order to illustrate thie‘ system described herein, the writer has prepared 

| ‘Fig. 4, which i is the identical pr oblem worked out by Professor Cross. — The 


balancing is started at Joint B where an unbalanced 1 positive moment of 100 
exists. This joint was selected because it offered as large an unbalanced 


as any other. Joint.D might equally well have been chosen 
i starting point. - Since BC i is twice as stiff as BA, the first correction moments 


‘are — 67 in BC at B, and - — 33 in BA at B. x After the balancing moments are 
recorded, horizontal lines are drawn under these figures to indicate that all 


2 


; moments above these lines are balanced ; that is, they add up to zero around 


the joint. Now, one- -half the at Bin BC is carried over ‘to with the 


§ 

sign, or - 33. Similarly, one- -half the — 33 at Bi in BA is carried down 

‘to _A with the same sign, or — 16. The next step is to balance Joint D where | 


‘a a large unbalanced moment of - — 10 ‘exists. | Balancing moments of + 63 in 
and 387 in DE are recorded, corresponding to five- -eighths and three- 


‘eighths, respectively, of the unbalanced moment. Horizontal balance lines are 


again drawn, and these moments are carried over, -half their value 
process is ‘thus continued around ‘the frame, the joints being balanced 


2. the following rotation: D, and They might have been 
balanced with equal sati sfaction in. ‘other but it is not likely 


that a m more rapid conver ergence will be found. is well to ‘note ‘that 
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in | returning to balance a joint for a deldiaid or third time, one balances only | 


figures below the last set of horizontal lines. 


q 
In Fig. 4 the first recorded figure in each g group is the ‘fixed- end 
The last recorded figure in each ‘group is the final moment i in the adjacent 
member obtained by adding ‘the. column of. figures. order to ‘clarify the 
diagram, column are written on the columns, and moments 
A +21 ay + +8 


cally 
zero 
must 


justification of this it is to show that the results 


The < d in this case by the balancing « of only eight joints are within | 4% of 


f 100 the btained by the system ‘suggested by Professor Cross in thirty balances. 
anced Also, after balancing each joint twice by Professor Cross’ system, or a total ; 
as § a of ten balances, one joint, D, still is seen to be 38% in error. A fairer com- Pe 


oe | parison might be obtained by noting that Professor Cross’ “system gives satis: rm 


ts sare factory accuracy | after balancing each joint three times, or a total of fifteen — + 


at al all oints to be balanced. Thus, in this problem, nearly one-half the mechanical ma 


oh . abor is saved by the system here suggested. At least a 25% reduction i in labor 


will usually | be found in the solution of all continuous frame problems. rie a 
‘The writer wishes to stress particularly the advantage that one sets his” 


standard of accuracy before starting to balance joints. For instance, 
- whole numbers are used as in Fig. 4, an error arises from the fact that _ 


is recorded instead of 33. 33, when 100 is to be divided into ‘three equal parts. 4 


‘There is also an error where an uneven number is multiplied by 0.5 to obtain 


a carry-over moment. When dealing with whole numbers, a maximum error a 


2H is a possibility. If the final moments are at least equal to 50, the maximum 
_ error is thus limited to about 4 per cent. - Where smaller fixed-end moments _ 
are. found, it may be desirable to. use three significant figures. After one 
familiar with» the m \ethod, he ‘naturally watches the figures closely 
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n less than one- 
the balancing moment and ‘the second | time he carried down more than one-— 


half, No: attempt v was made to balance errors at other joints. 
h tht ti 4 

these suggestions are. follow ed, one merely continues to balance joints 


ibs 


until the carry- over 1 moments are, smaller than unity in _the last ‘significant — 
a ~ place used. _ When so reduced, the columns may be added, knowing that the 
af 


results are within the limits of accuracy represented by > variation | of 2 ; 
the last ‘significant figure. Slightly more care will reduce the variation to 


Before closing this part of the discussion on moments, it should 


be of interest to show that the correction of an error is s usually possible with-— 
out destroying the entire work. or instance, if the op operator finds that he 


to carry over certain moment, he can carry it over: later and 
treat it as a single ‘unbalanced moment to be balanced. The results sof 


this balance are to be added algebraically to the first. “results. Other errors 
mi can be handled i ina similar manner . Itis clear that an error in balancing can 
picked up by checking > M = 0 at each joint. An error in the original 


fixed-end moments or in the carry-over moments can | be found by checking a a 


part of the structure for with the loads. ‘ie. 
oe The system of balancing moments described herein b has been stated to be 


a a special case of the general method of successive e corrections, and i is directly 
applicable: to all cases where the joints” do. ‘not translate during the process 


of of balancing. - When translation from the balancing of the joints would | nor- 
mally o occur, this process gives the moments caused by the. or riginal loads s and 


joint: forces necessary to prevent additional tr translation. these 


ck forces are negligible, the moments are nearly exact. 


| 


‘oa An interesting illustration of such a a simplified case is that 0 of . secondary 7 

‘atress Knowing that the deflections of the pin- -ended truss and of 
a the riveted truss are essentially alike, ‘one merely calculates the deflections 
= all points caused by. the direct. stresses ; from these deflections ‘one 
computes the fixed-end ‘moments, and by balancing these moments arrives at 
the final | secondary moments. it be noted that the fixed-end moments 

~ for, this. case a are. determined from joint translations, but 1 no additional trans-_ 
lations, of importance ¢ occur during the balancing process. In this same con- 
nection, it is interesting to note that the moments caused by a known settle- 

ment, | horizontal. ‘movement, or 3 rotation of a support of a continuous frame 

“may | be evaluated i in exactly the same 

general system of successive corrections for all problems involv- 
ing joint, translation can now. be set. up, based upon the knowledge that ‘the 
results of the first. balancing, of moments gives. the | moments caused by the 

; = eal loads and the joint. restraints, It is only. necessary to determine these 
artificial joint restraints by. statics from the calculated ‘moments and the 
applied. loads. All joint restraints are then ‘balanced by equal. and opposite 
a the fixed- end moments caused by this new force system are deter- 


mined and balanced. This process gives rise to a second set of joint restraints 
which are removed i in the same way. :) ‘It will be fund, that the relative 2 impor- 
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whieh: may be called negligible. Usually, two or successive corrections 
_ will be sufficient for engineering accuracy. The final moments are obtained 
by adding | algebraically the moment sets caused by: the several force systems. 


= ‘corresponds to this is method of analysis. _ The first, deflected position of “a 
structure does not correspond to the proper deflected position. As each 
cessive force system is allowed to deflect the structure with fixed joints, that 
structure approaches. nearer and. nearer its. true deflected position. After 
aa several successive corrections, it iv exactly coincides with its true deflected 
position, and the joint restraints are negligible. 

writer has used. this method with entire success in the. analysis 


“a 
. “al continuous frames, including the determination of wind stresses in building 


on frames, open web b trusses, ‘continuous arches on elastic piers, and more unusual — 


academic problems. The method a valuable application to continuous 
al arch systems, in which the idea of | balancing joint forces applies Lia to 
the elimination of the troublesome unbalanced thrust at ‘the pier tops, ae 
The method simplifies itself when | applied to a. single- -story bent or “a 


TO Bor att 


= in that the restraining force system is merely | a single horizontal force applied 


iz ‘to the top o of the bent. Successive restraining forces are found to. form a 

7 convergent series, geometric in form, which has" a definite e mathematical sum. 
From this knowledge, or or from the physical action of the structure, one can 

¥ 5 readily see that there is a direct proportion between the true moments caused 


by given lateral force and the first, balanced set of moments caused by. this 


| 
nd of 
tions 
one 
ves at 
ments 
trans- 


» Pro- 
When discussing multi-storied bents, Professor Cross suggests* produeing 
a unit shear r successively i in ‘each story and ‘determining t the effect on adjace , 
1g stories in terms of both moment and shear. _ Then, by combining these effects, 
* ee proper shears may be obtained i in all stories, and by combining the moment a 

‘sets in the same proportion, the true final moments are obtained. _ When the 
5 writer first put this method into practical application, it was thought that 
it would be necessary to make use of simultaneous equations for combining — 


con: shears. Later, however, he showed that the ‘same result ‘could be obtained 
settle- - more easily and just as accurately by the summation of a simple series) of <s. 
frame ai terms: for each s story. The development of such a series is again best visualized fa 
oe from the physical action of the structure. A shearing distortion in one; an 
nvolv- oSives rise to shearing distortions in other, stories. From. the ratio of, these 
at, the shears a set of earry- over factors for shear ia determined... The proper § theres 

» these rs 

pposite successively one after until take their final 

deter position. Finally, each series of terms, the shears neces-— 


wid 6a ry to be e applied to all stories to produce the proper final shears are known, 
and the moment sets are combined in the s same proportion. 


Proceedings, Am. Soe. C. 


avig It is highly important to study the physical action of the structure, swhich ; 


Cross arrives at this conclusion i ina manner... 
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od is 
now the general successive corrections, just ‘described, 
to be r more useful in most cases. Its main n advantage is that it lends itself 


directly to an approximate solution as one may neglect joint restraints to give: 

"any desired degree of approximation, thereby allowing a saving of labor. It | 
au 


also offers an opportunity to the experienced analyst to take _ advantage of his: 
knowledge of deflections to reduce “materially the amount of work required. 
For instance, the writer seldom finds it necessary to balance more than 


| set of joint restraints. ‘The method of balancing shears suggested by Pro- 


a fessor Cross is more valuable for cases in which the effects of several force 


systems are to be evaluated. © ‘When 1 the carry-over factors for balancing shears 


te once determined, the “moments. caused by ‘several force systems may be 

obtained with relatively little additional labor 

This paper constitutes a an 


: outstanding | contribution to the field of struc- 
tural analysis. Without qosetion the method of balancing fixed-end moments 
and the other closely related methods of analysis a are e destined eet to sup 


The walter is not alone i in belief that Professor Cross may 

he regarded as the leader in a new ‘school of thought in the field of structural 

analysis. 


oo ‘The method presented i is very simply | and easily applied and is just 


its: author claims it to be—a method of > approximations, giving 


an 


number 


“analyses has found it to. be very but he that it must 


d method of at a joint 
‘anal to B, in ‘Fig. ne While the author s description has been very general, 


possibly. a further on such a joint will save others from the con- 
Assume an L-frame as “shown (Fig. 5), in which, 20000 Ib; 


wet 000 Ib. per ft.; L = 25 ft.; and, h = 20 ft. The relative values of 


for members indicated in circles. End A is hinged 


After first writing ‘the: ‘fixed. moments for each member, consider 


Joint B. ‘At first, one ‘might believe that the ‘unbelanced is — — - 102. 08, 


and proceed to distribute this moment, ultimately obtaining an answer which 


F would be incorrect. The - unbalanced moment is actually — 2. 08, and is dis- 


4 tributed between the members, AB and B C, as on the left. side of the joint, 


i. and imaginary members of zero stiffness « on the right side of the joint, giving 


the moments as as ‘shown in Fig. 5. 7 ‘This procedure is. continued, as outlined 


weg by the Secretary, June 14, 1930. 
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by the: balancing the left-side moments against zero for ‘the 
right- side moments, until the final moments are obtained. 
similar condition. is present in . the author’s at the Joint; 

Fig. 1,* if the e members, CD and CF, are without load and are considered of 

“4 zero stiffness. In this case the left- side moments (— 150) would be distributed — 


of his so as to balance with zero on the right side of C (Bi Cw ould ild get ++ 1m and CG 
ments Hew as 
sup- 


As the a author has pointed outt the selection of signs is important, and 
— as the moments a are balanced : at a joint algebraically, it is absolutely essential — 


2 joint § 4 to a proper solution of any problem that the signs are properly selected; this is = 


eneral, | fundamental. Simplification of analysis is highly 
not be spoiled by careless application. 

ye ‘presentation, which eliminates formerly « 

nd Cis A. Eremin,t Assoo.: M. C. E. (by letter).s—A number of the 


ned analytical and semi- “graphical methods of moment distribution in continuous 


ynsider =e with rigid connections have been developed in the last few decades. 
102.08, These methods are generally b based on what i is. commonly known as Mohr’ 
which i principle, | namely “the angular deformations of the elastic line at supports — 
is of the beam loaded by its moment area divided 


than 

Am. ‘Boe, c. E., ‘May, 1930, Papers and Discussions, DP. 922, 

- $ Asst. Designing Engr., Bridge Dept., ae Highway Comm., Sacramento, Calif. pou 
he § Received by the Secretary, June 16, 1930. 
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BRUHN ON’ ANALY YSIS OF ‘CONTINUOUS! FRAMES 
ies load is applied to continuous frames the joints | move from their 
original positions, due partly to direct stresses in’ the ‘meinbers, or lateral 
forces? at the frame’ and partly to changes ih ‘the lengths of the members as the | 
result! of Variations in temperature, or a combination of all these factors. saaisiall a 


restricts his analysis’ to’ frames in ‘which | ‘the’ joints 


‘4 


a be the simplest and probably the shortest. However, for ae moments | 
= to ) moving loads or for constructing the influence lines for moments at the 
joints, Strassner’s semi- -graphical method is ‘more -convenient.} 
Strassner’s method the characteristic points, J and + 
for the unloaded condition cand the- -procedure - for determining the 
“moments for each of the external accomplished by simple 


we 


facilitate the ordinary in Strassner ‘method, tables 


of the necessary quantities for different methods of loading and shapes of 
beams generally used in p: preparedt 
eams genera y used in practice are prepared.} 


il In the limitations of his method* the author omitted to state that the 


modulus ‘of elasticity of was considered to be veonstant for all 


continuous | frame is sufficient to he second statement is 


important to remember in the analysis of steel frames’ with rigid connections. _ 
sl The author defined§ three schools of designers. — There is no justification 
for the first of these because many experiments: on. existing reinforced 


crete and steel frames with ‘rigid connections have proved that there is 


distribution of stresses from one member to adjacent members. aad - x 
On ‘the’ ‘other hand, imperfections in workmanship, and incomplete 


as to the actual clastic properties. of structural. materials ‘prevent the 
- development of an exact method of determining a real distribution of the 


In order to maintain a reasonably uniform margin of safety for all “mem: — 


at 
i in frame it should be designed for stresses as determined by one 


7 the approximate methods based on the elastic proper ties of materials. In the 
_ formulas for the final stresses | in the members. of the frame, constants may 


introduced to eliminate the errors due to neglecting some minor factors 
These. constants. may be determined by 


perimental study ‘of tle. yiviods rigid: comsiections.. 


has' long been familiar with this: method of distributing fixed- énd ‘moments 


ofp 


aslt 
‘and’ has’ used it extensively. He strongly recommends it because it has developed 


$4 
__ * Proceedings, Am. Soc. C. E., May, 1930, Papers and Discussions, pp. 922 and 927. __ 
ae “Neuere Methoden zur Statik der Rahmentragwerke,” by A. Strassner, Vol. 1, 1921. 


“Neuere Methoden zur Statik der Rahmentragwerke,” by A. ‘Wolk’ 1, 1921; 
Bee, also, Transactions, Am. Soc. Cc. E., Vol, 90 (1927), p: 


oe Proceedings, Am. Soc. C. E. , May, 1930, Papers and eet 92Bvyioootl 
|| Engr. of Tests, BIJ Corporation, ‘Baltimore, 'Md, 
Received by the Secretary, July 12, 1930. ane 
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| him a much better understanding of the, action and relative. rigidity , of 


jen structures than, is given. by. ‘the common ‘methods. of. analysis, 


[hese latter, in ‘the: writing of sufficient elastic 
equations, after whic which the work is entirely. an _algebraic mechanical. ‘Process. 
The, structure is entirely, forgotten, and although the various terms, 1 in| the 


equations may represent certain rigidity characteristics or distortional influ- nes 


ences, it is no doubt true that this significance often escapes the’ juiaea 


Using | the author’ 8 method one assumes each member of the structure ina 
finite restrained state and then, realizing that continuity ‘must be preserved 


a 


and statics satisfied at each joint, the s structure is gradually but definitely — 


relieved, ‘joint by. joint, its restrained and unbalanced state and i is guided 
“into a state of equilibrium. | >. The structure is at all times the center of atid 


ae. In the aeronautic structural field the method of least work seems " be 
“deeply rooted. analyzing ‘complex continuous structures it gives long 


unwieldy equations and has proved to be very unsatisfactory. Of many 
uses, the writer has found the author's method of particular value in the 


of a 
nt is 

ions. @) For 
ation ails require tests destruction of all major units and new new types 
con- of structures. It is difficult to compute the ultimate strength ofa continuous a 
is a ~ structure accurately. i This i is due, in part, to the fact that the ordinary elastic ‘al 
only for stresses in the materials below the elastic limit. a 
nowl- Tests of continuous structures generally : show. a higher ultimate strength than : 
t the that computed. _ This result can be explained as follows: When a continuous © 
fo atk Pes structure is is loaded some portions of it reach the elastic limit stress first and Ma 
a considerable fraction of their original stiffness or or rigidity. The result 
is that these -overstressed portions are relieved of part of their load by the 
me of _ other portions of the structure which still retain their original stiffness. ss Since a 
it is impossible or impractical to 0 proportion structures for equal stress inten-_ 
j vig 7 7 sity, this drifting tendency of the internal loads to the portions of higher stiff- an 
actors” ness has considerable influence upon the ultimate strength, amounting in many 


eases: from 25 to 40% ‘more than the strength ‘computed by the ordinary 


The author’ method has proved valuable in estimating this internal _ 


ments (3) For solving extremely complex: problems as, for example, the deter- 


éloped “= "mination of of secondary moments due to deflection in a continuous beam with = 
‘variable moment of inertia carrying both transverse and axial Toads. 


927. 


‘al work, as, in general, the loads: str 
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19215 ‘such a problem with mathematics is practically impossible. 
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ON ANALYSIS OF CONTINUOUS FRAMES [Papers. 
“the other hand, ‘space frameworks | are quite common . This s further compli- - 


-eates matters because of torsional forces, but there seems to be no reason why 


‘such forces could not be distributed in a similar manner if the torsional — 
characteristics of the members can be determined. 
sit It seems probable that in the aeronautic structural | field will be found many > 
problems that will lend themselves to the convenience and advantages of 
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THE TRAIN ING WALL AGROSS THE LIAO 


R. D. Goopricu, M. Am. Soo. C. E. 


BR. D. Goopricu,t M. Am. Soc. C. E. (by letter). record of construction 


bd experience such as that presented i in this paper, is always = value to the pro: 


F As shown in Fig. 1,§ there are four principal ~—" in the Gulfs of fLiaotung 
: 
and Pechihli. Dairen and Chinwangtao : are located in natural indentations 
of the coast and are free from ice during the winter months. On the other 
7 hand , Niuchuang ar and Tientsin | | have | harbors in rivers that drain large areas 
and they are usually closed for several months in the winter. In many respects 
these two drainage systems are similar. qqide edi yd bets 2 
As ‘the author states ,| the average fresh- water discharge of these rivers 
q is not sufficient in itself to maintain proper channels for navigation by oc 
ere _ The situation ‘is made worse by the character of the floods, which | 


carry quantities of silt. Samples containing 10% of silt 


= 


These conditions would naturally ‘tend to ‘the of 


‘ean as the logical ports | of North China. However, there are many _ 


considerations having great weight in port development. Distribution 


to the interior from these two ports must of necessity be almost entirely by 


rail. On the other hand, Tientsin and Niuchuang have the decided advantage ~ : ; 
~ of inland waterways as well as railways for the collection and distribution of 


* This discussion (of the paper by P. N. Fawcett, M. Am. Cc. E., "published 
- May, 1930, Proceedings), is printed in Proceedings in order that the views expressed may 


be brought before all members for further discussion. 


a __ ¢ Prof., Civ. Eng., Coll. of Eng., Univ. of Wyoming ; Senior ‘Hyer. Engr. 


Soc. C. E., May, 1930, Papers and 930. 


hy | 
ny 
io 
‘ 
pha 
4 
recent years by the silting of the channel from Tientsin to Taku, practically 
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«Gig. ‘The greater cost of transportation ‘rail compared with that by 


Chinese river boats for many ‘commodities, ‘and the greater length of 


ae cost of Pavey from the winter ‘ports to the points of distribution 


s Ate 
harbors. - There, 18, therefore, keen epmpetition, betsveen these ocean ‘ter- 
minals, influenced by the large investinehts already made at each point. 
= only must the present works be maintained, but improvements must be 
made in order to protect: the business and investments in all these ports. — : 
The most serious and difficult problem involved in the maintenance of 


= rivers' and hatbors is that‘caused ‘by. thie of a bar ‘outside the 


~ 


Rive are such as to. ‘prohibit the construction of a 
_ harbor for 1 the interchange of freight between ocean steamers and river boats. 


et at which the coast line is being extended at this point is much. 
en than at the mouth of either the Hai River « or. the Liao River. 


Int 1925, the construction of training walls was also” undertaken at the 
mouth | of the Hai River. It is ‘understood that this | project ‘contemplated ‘the 
walls carried above high tide on both sides « of/thé’ channel. w niter 


“has always felt that a a single curved jetty: might have provided the desired 
“benefits a at much less cost to the interests involved. As noted by the author, y 
“all. such’ local’ improvements must be, financed largely. by the collection 
harbor dues, over and above the: regular customs rates, . It is evident} thestfire, 
depends: almost entirely “upon the initiative and 


In earlier days dredging and were insti- 
gated by the foreign shipping interests, due to western influence € Chinese 

capital is also largely involved | at the. present time, e, the amount wating of 
ti in view of all the difficult conditions . connbeted with the maintenance cand : 

development of facilities for « commerce in the Orient, the paper presents a 


‘obtained after the final Lcosiifiletion of the Lino: Harbor Jetty will be of great 

interest to m many | "engineers. 10 sate S990 OF ont 


Proceedings, Am. Soc. E., May, 1930, Papers ‘and Discussions, p. 932. 
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ORV AS A FUN ‘TION 

burs jaw ods wou ll 


Messrs. H. AND G. _Assor. 


(by letter). t—That a close . relation exists between 


7 ‘insolation and evaporation is well known. Thus, in a paper entitled “Appli- — 
4 cations of Heat Radiation Measurements to the Problems. of the Evaporation — ; 
from Lakes and the, Heat Convection at Their Surfaces”,g A. Angstrom 


sired 
thor,* 


assumes a balance between (1) the insolation absorbed at, a, water surface; Z 
(2) the heat loss from the s surface through ‘radiation, convection, and, con- = 


3 ‘duction; (3) the heat « energy expended i in raising the temperature of the water; 
wy 


and (4) in the process of evaporation at its surface. At is evident that if Bat 
Components (1), (2), and (3), of this balanced system, can be measured 


mate” when, at a later date, in paper entitled “On Radiation | and 


great 
‘the values of various terms may be if quantity 


of insolation received at the water surface is known, the rate of evapenetion . 


“may be computed ; or, vice versa, if rate | of n 


Table 11,9 comparisons” between computed 
1 
amounts (of € vaporation, the ‘computed amounts being bas ased on | “insolati tion 


“a § Geografiska Annaler, 1920, H. 

Loe. eit., 1925, H. 1, och. 2. 

ceedings, Am. Boe. C. B., | 


ap off at 
and ‘ 
bi n 
orts 
tr- 
t | — 
eo. 
» the 
of a 
oats. 
wach | 
t the ] 
d the ¢ 
on 
efore, 
rprise 
— 
ridual | 
msti- 
hinese 
ents a fj 2nd the latent heat of evaporation, the energy expended in ee: a 
ture from various surfaces, including water surfaces. 
aft 
lay, 1930, Papers and Discussions, p. 957. 


ABBOT ON INSOLATION AND EVAPORATION 


readings are for only a few of the named 
in the table. Therefore, the values given for insolation cannot be rr 


«When the value of insolation is not known from records 
~ possible to compute the insolation, . ian eas . incident upon the exterior of the 
- earth’s atmosphere at any latitude, and, later, to_ convert this into actual 
_ Insolation I by means of two coefficients p ’ and F, the mean transmission 
coefficient of the atmosphere at a particular place and the clearness factor, 


| This is true if the atmospheric ¢ conditions are iin: as has been § shown 
by the writer in a ‘Tecent paper entitled “Measurements of Solar Radiation — 


Tntensity and Determinations of Its Depletion by the Atmosphere’ but it 
will by no means do to assume an annual mean value for , p's which is ;dependent 


especially upon the water vapor and dust content of the atmosphere. Both 
these factors are subject to marked seasonal or ig variations, especially _ 


oe cities’ the use of the coefficient of atmospheric transmission as a s 
quantity is not, of course, exact, for it varies with the ‘wave length, 


letter). While no ade valuable in engineering 
7 with the station, with the month, and from day ‘to day | ina very wide range. 7 


= Therefore, the results reached by treating it as a single valued constant can 


a Proceedings, Am. Soe. Cc. E. , May, 1930, Papers and Discussions, p. 957. 


Monthly Weather Review, Vol. 58, February, 1930, pp. 43-— 52. 
§ Secy., Smithsonian Inst., Washington, D. C. 


|| Received by the Secretary, June 16, 1930. 
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is not responsible for any statement “made or opinion 

CITY PLANNING AS REL ATED TO > 


‘THE SMALLER CITIES 


Discussion* 


‘the National Conference on City ‘Planning that all 
American municipalities should establish | city planning commissions. He 
States, furthermore, that provision should be made for the establishment of 
a city planning office and the employment of a city planning consultant. ie 
Unfortunately, smaller cities imbued with the: idea that it. 


is quite unnecessary to have a consultant, perhaps because | a local architect 


ae engineer are members of the commission. _ This is false economy. pi Ae 


City “planning is a never ending job. Cities cease to need planning only 
ee: they cease to grow. ‘There are many n methods of procedure and no “hard- 


“and- fast” rules « established. A great metropolitan community ‘must adopt the 
method best adapted to its. own peculiar conditions. However, a large grou 


of cities, ranging in population from 10 000 to 100 000, ‘hive see Ss com 
regards t the more general features of city planning procedure. 
For: example, they first need a properly organized city planning commission ; 
then a comprehensive civic survey, to be followed by the preparation of plans 


beck streets, soning, parks, and other features of growth, Furthermore, and 


C. E. (by letter). Wood reitera’ 


‘patiently 
most of the smaller communities, a city department 
The “necessary “follow- “up” is no doub 


quest 
done best ‘ “at home” and. not from some expert’s ‘office. Recognizing this essen- 


__ * Discussion of the paper by E. A. Wood, M. Am, Soc. C. BE, continued from Au 


Archt.; Consultant in City ‘San 
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ON CITY PLANN NING FOR SMALLER. CITIES 


tial, alii or less complete transfer of city planning functions from the expert’ Ss 
. to some one of the city’s : departments, it may be best to begin i in another 7 


ow ay and to ) proceed w with the plan by: fundamentally different methods. ey = 


— an example of how. many mistakes are made i in city Renee © consider 
a a hypothetical ‘small town. “Suppose - that “under the stimu a campaign 


carried on by an effective citizens’ advisory committee and sponsored perhaps: 


by the Chamber of Commerce—a © city planning commission has been o: organized, | 
a fund appropriated for its work, and a competent consultant employ ved. Fo ora ; 
or more everything | seems to be progressing quite well. 


=e is prepared ; an illustrated pamphlet report, containing recommenda-— 
a poli plan and for other import tant features ing the 


Committee declines to appropriate money’ for at much needed traffic artery ; 
bond issue to provide for a playground 89 system, park, or civic center 


4 


Then follows another “spasm” of civic righteousness—the result, perhaps, 
* of some grade- “crossing a accident or other. occurrence that arouses public. interest. 
< There is a scurrying around in 1 search of mislaid data and the original expert 
and city engineer are not now near at hand to help in the re-educating work. | 


foregoing. remarks: will, ‘serve as an 1 example of that ‘are 4 
ideal steps Proposed, for. ae ‘same situation | might be 


Consider a.city of about, 80 000 population. Often. with the support of the 
_ Chamber of C Commerce, a Citizens’ Advisory Committee i is appointed and this 


Committee, employs a consultant who helps i in the ‘preparation and enactment 


‘proposed by, the Advisory. on. City 


United States Department of Commerce as recommended by Mr. Wood.* ‘This 
oa step init itself would take a little time and, i in the » meantime, the consultant wil 


give some. talks on, city planning. Ultimately, a city planning commission 
authorized and organized.+ lot? i of ad binot 


a Ye. Under. the, terms. of} the. ordinance the city engineer is made. an ex officio 
meni. of the city planning commission. . Contrary y to the example previously 


“cited, the City Planning Commission does not turn ‘the Job « over to the con 
_On the it selects an _efficien’ 
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in the office of the city engineer. i is to begin 


charge of the data collected. The city engineer w ill need to employ 
a city planning assistant. _ Larger. communities m 


The Commission, again under the advice of its ‘consultant, 


will be » familiar with it. . They will ie ‘die to ‘amend, extend, and perfect it 
and they will have all its details available for use for future years. a 


The next step undertaken by» the Commission i is to prepare a comprehensive 
planning program. ¥ will endeavor continuously to keep the p program 


up to date. As a whole, 1 the | program will to be flexible 
enough to permit adjustments to 1 new conditions. One important requisite ae 
“the contract drawn between the commission and the city planning expert. This 


a= 


nt to which he shall co- operate | with the city engineer, and his duties in ; 
ect | to > directing the civic survey and any field — which - may 


he the Council should Teject a street- widening proposition, thus upset- 
| ; = the major s street planning ; or, suppose the people’ should vote against a 
bond issue for parks or a civic center. | Every” one knows that these are only 
‘temporary setbacks. ‘Sooner or later, if the Commission’s plans have followed 
comprehensive civic and are really \ w ell considered, these projects 
ed to be carried out, perhaps in some modified form. If all the data are at 
hand and the consultant under the terms of his contract is also at hand, he s 
Re insure that these modifications are ——— and i in accord with the 


arest. general program that the Commission has prepared. It is believed that this 
xpert second of will go far toward solving the e problem 


= include such : matters as fees, the time to be spent by t the consultant, the 
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ME MOIRS OF DECEASED MEMBERS 
Nore.—Memoirs will be reproduced the volumes of Transactions. ile 
will amplify the records as here or correct errors, 


GRENVILLE MELLEN DODGE, Hon. M. Am. Soe. c. Ee 


‘aie Mellen Dodge was born on April 12, 1831, at Danvers, M ass. 
‘His parents were Sylv. and Tulia Phillips Dodge, people of gentle birth 
A 
7 whose progenitors | had come from Eng 


years” age he went on ‘the 


of te. ‘Lander on the outskirts of Danvers, where he also assisted in 
his first surveying work. . Through contact in this work with the son, Frederick _ 


Lander, the boy was fired with the ambition to prepare himself for college. 

at Norwich | University, Northfield in the autumn of 


‘ 1848, from which he was graduated in 1851, , with the degree of Military a 
ie Civil Engineer. In 1892 he was further honored by the degrees of Master a 


- Arts, Master of Military Science, and Doctor of Laws from Norwich ‘Univer- 


and, later, the degree of of Laws which was conferred on him by 


Central Railroad, on = ‘surve ey of the LaSalle 
Tl. Tn 1853, Chief E ngineer Peter A. Dey, of the Chicago and Rock Island | 


Company, gave him charge, as Principal ‘Assistant Engineer, of 


survey of the Mississippi and ‘Missouri River Railroad (now a part of the 
Chicago, Rock Island and Pacific Railway System), across Iowa, from Daven- 
“port to Council. Bluffs, and he determined the latter point as the proper 
crossing of the Missouri River for a transcontinental 
At various times between 1853 and 1861 Mr. Dodge made ‘explorations — 


ee of the Missouri River and in the Rocky Mountains for the purpose . —_— 


finding the best route for a transcontinental railroad. 
oa He was employed on the construction of the Mississippi and Missouri — 


ie, 


Railroad until 1857, when with the cessation of railroad activities, | he became — A a 

a member of the firm of Baldwin, Pegram and Company, engaged ix in bye : 


and ‘mercantile: interests, freighting across the ‘plains to Denver, Colo. 
He continued with ‘this firm until the « opening of the Civil War i in 1861. ees om i 


Fe Mr. Dodge had always been interested in military training and was Captain eu 


of the Council Bluffs Guard when he was offered an appointment as Captain 

‘in the Regular “Aray, which he declined in order to accept a commission as 

Colonel | in the 4th Towa a Infantry, which entered service at Rolla, ‘Mo., on 

August 24, 1861. He was assigned to a post at Rolla pos ‘October 9, and. 


* Memoir prepared d by George H. Pegram, , Past- President, Am. ‘Soc. .C. E. 
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commanded expeditions to Mo., November 4. The 


te of 1st ‘Brigade, 4th Division, of the 
21, 1862; advanced to and occupied Springfield, February 13; in engagement 
at Sugar Creek, -Mo., ‘February 17, and Cate Creek, Mo., February 20; defeated | 
Gates’ command ‘Blackburn’s Mills, February 27; Battle of Pea Ridgo, 
~ March 6 to 8, during which he was wounded i in the right side; commissioned _ 


General of Volunteers, March 31; reported to Major- General Halleck 


at Corinth, - Miss., June 6, and ordered by him to report. to Major- General 


Quimby commanding the District of Columbus, Kentucky, to re-build 
Mobile ‘dl Ohio Railroad; assigned to the command of the Central Division, 
Army of Tennessee, with headquarters at Trenton, Tenn., June 28; organized 
and mustered “into service, 1st Tennessee "Cavalry; ; finished 1 re-building 


-* and Ohio Railroad, in August, and built stockades and earthworks at all 


_its important bridges and stations. 


a During the time General Dodge was in Sperennens at Trenton, the Wiadihiinia: 
4 of Dyersburg, Huntington, and 0’ Brien, Tenn., — made, and ‘Villepigue 
i” was defeated on the Hatchie River. 


7 On September 29, 1862, by order ot Maj.-Gen. Uv. Se Grant, G General Dodge 


was assigned to the command of the District of Columbus, Kentucky. _Exten- 
sive fortifications and important works in and around Corinth were finished 


ai On December 1 1, 1862, a combined movement was made from Holly Springs 
a and Corinth during which the troops of General Dodge captured Tupelo and 
Okolona, Miss. » defeating the enemy and taking the stores at those places. 
During the same month, by order of General Grant, he moved to Lexington 


and Spring Creek, Tenn., driving Forrest across the Tennessee River. In 


February, 1863, he ‘attacked Van_ Dorn’s column at and 


captured the place with its stores, ar rtillery, ete. 


)i In April, 1863, while in command of the 2d part of the 5th and a part 
of the Cavalry Divisions of the 16th “Army Corps, he conducted an expedition 


om 4 in “Northern: “Alabama, defeating th the forces of the enemy in the Tuscumbia 


Valley. During the "movement, the fights at Bear Creek, ‘Cherokee, Burton 
Leighton, ‘and Town Creek occurred. Immense quantities of, ‘stores 


for Brage’s Army were” captured and « destroyed. During the same ‘month, 
Chalmers and Ruggles” were attacked and defeated at ‘Tupelo. In June, 


General Dodge crossed the Tennessee River at ‘Savannah, Ga., and moving | 
into” Van. Dorn’ s re rear, captured the ‘Town of Florence, Ga., defeating its 

"garrison. On June 19, he attacked Ferguson’ s command on Big Muddy and : 


Ps stopped the raid on the Memphis and Charlestown Railroad. © a The fighting 
‘was severe and the loss considerable. On July 5 5, after the capture of Vicks: 
‘ t ks burg, Miss., General Dodge was recommended by General Grant as first oe 


to the rank of ‘Major- General. 
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While at Coritith, General Dodge and into service the 

oy i st Alabama Cavalry, the Ast Alabama Colored Infantry, and several com- 


ment | panies of colored troops for s siege e artillery. | On October 30, his command was 
aed 
alleck 


neral and the tek and and ‘constructed good 
d the earthworks and stockades at all the important bridges a and ‘points. During 
3 


yision, [i this time the command had | sever: al engagements with the « enemy, and captured 


In January, 1864, General Dodge “organized and mustered into service the 


and 3d Regiments: of, the Alabama Colored Infantry. In May, he was 
in igua-tadt of the 16th Army Corps" in the field in the Atlanta Campaign, 


ant! 


and ‘took part in the battles : and engagements at Ship’ s Gap, on May 6; Snake : 
Co reek, on May 9; Resaca, on May 11; Estonula River, « on May 12; . Kenesaw 


/ Mountain, Roswell, 1 ‘Dallas, _and Decatur, on July 21; Atlanta on July 22; 


and Ezra Church on 1 July 2 8. On June 7 7, 1864, nay was commissioned > ad 


General. 


He was wounded in the head on August (19, and, on October 14, 


to City Point, to visit General Grant. On November 3, General 
Springs Dodge was assigned to the command of the District of V Vicksburg and of the 


elo and left. wing of the 16th Army Corps. On December 2 2, he. was assigned to an 


places. ; - command of the Department and Army of Missouri, and on the 9th of that 


xington t e month was commissioned Major- General of the Missouri State Militia. 


yer. I n ; nd On January 30, 1865, the Department of Kansas was added to the Depart- _ 
la., and 


of Missouri. G Gen. Jefferson C. Thompson surrendered the Confederate 
«forces in Arkansas. _ During January, February, and March, General Dodge 


1 a part be ‘made Indian campaigns on the plains, opening up the stage lines, and 


| building t te elegraph lines destroyed by the Indians. 
scum 1a ‘During and 1866, in his Indian campaigns, extending from the 


“Burton Arkansas River | on the south to the ‘Yellowstone on ‘the north, many severe 


ik 
of stores: battles were fought. _ Treaties « of peace were e made with the Comanches, 
> month, "Apaches, Cheyennes, : and other Southern tr ibes, and a Council with 


in J une, the > Northern ¢ Cheyennes, Arapahoes, and Sioux at Fort Laramie established the 


1 moving basis for a treaty. For ‘service in this campaign, General Dodge 


uddy aD In his “Memoirs” General Grant states, in part: “General Dodge besides 
"fighting being a most capable soldier was an experienced railroad builder,” and, ‘refer- 


of Vicks ving” to re- of between Nashville | and Stevenson, 


oe = “General Dodge had the work assigned to him finished within forty dass Be 
: ahed receiving orders. The number of bridges to re-build was one hundred — 
and eighty-two, many y of them over deep and wide chasms. The length of the os 
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May 30, 1866, Seiienl Dodge —" from 1 the Army and i imm diately as 

: _ charge, a as Chief Engineer, of the construction of the Union Pacific ] Tail wi 
‘road. The transportation of supplies was one the serious ‘difficulties. 

railroad had yet reached Council Bluffs, the initial point, and supplies: had 
4 to be. shipped from St. Louis and St. Joseph, Mo, by boats, then across the oF 
plains through a hostile Indian country, by teams. 


ot ae road was commpetnd to a connection wih the Central Pacific at Pro- 


: 

_ montory Point, Utah, on May 10 10, 1869, | 556 miles having been built in the 
baie: 

last year—the most railroad construction ¢ of record. 

General Dodge realized the importance of intensive preliminary study 


ground. In the location of the Union Pacific Railroad, 25 000 miles ‘of 


7 Bnd, were made, and 15 000 miles of instrument lines were run . As J at 
a result the ‘Union Pacific was originally so well” located that “subsequent if 
improv ements have shortened the road but thirty miles. tri 
General Dodge was America’ greatest railroad builder. He constructed 
the Union Pacific, from Bluffs, Towa, to to Ogden, Utah; the Texas and 
Pacific from New Orleans, La., to El Paso, Tex.; the Fort Worth and Denver we 
City, from Fort W orth, Tex., to Trinidad, Colo. ; ; the ‘Missouri, Kansas and 
Texas, from Worth to Taglor, Tex. ; ; the International Railroad of Texas 
from San. Antonio to Laredo, Tex.; and the Des Moines and Northern. (now. 
of the Chicago, Milwaukee and St. Paul Railway System). He was 

be engaged as well i in an advisory capacity on the construction of other lines. 


President of the ‘Mexican and Southern Railroad, he supervised the sur- 


-_-veys from the City of Mexico through the State of Oaxaca, to the Pacifle = rai 

- General Dodge at times was President of the following Railroad Con 


“TAT; 


"panies: Louis, Des: ‘Moines, and Northern Railway; Des Moines Union 


¢ Railroad ; and Union Pacific, Denver, and Gulf Railway. He + was a Director 
f the Union Pacific Railway aioe: Mail | of the Wichita Valley Railway 
gad General Dodge also had served, either as Presidiat, Director, or Chief 

Engineer, of the ‘following companies: The “Pacific Railway Improvement 


Company; the American Railway Improvement ( Company; the International 


tailway Improvement Company; the Texas Colorado Railway Con- 


struction ‘Company; the Oriental Construction Company ; and the Colorado 
and Texas Construction ‘Company, and the Western Industrial Company. 


es i a the death of ‘General Sherman in 1892, , General Dodge became Presi- 
oa dent of the Society of the Army of the Tennessee, which office he held until 


nd 


eet his death. He was ‘Vice- President of of the Grant Monument Association an 
t 


% Grand Marshal of the parade at the dedication of Grant’s Tomb in New 


York, N. He “was also one of the organizers of the Legion 


served as its Commander- -in- Chief fon 1907 to 1909. 


ci In 1886-88, he represented the First Iowa District in Congress, declining 
Te- ‘nomination on account of the dem ands of his railroad work. Tn 1888 


wee. “ite rnd 


was appointed by the President as Chairman of the Commission, known 
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as the “Dodge Commission,” to inquire i nto the management eran war 


addition to his contributions period cals, General Dodge 
"published “How We Built the Union ‘Pacific | Railway, and Other Railroad 
and Addresses” (1911), and, also, “The Battle of Atlanta. 


‘gi He was married on May 29, 1854, to Annie Brown, ¢ of Peru, Ill., who, with | 
their three children, Lettie. (Mrs. Robert E. Montgomery), ‘Ella (Mrs. Frank a 


General Dodge was patient in planning, but prompt to decide and act. 


His keen glance and quick : mov ements expressed the « energy he possessed i in an 
unusual degree. 
he organized and conducted the Spy System for Grant and Sheri man’s 


any. that made friends and a loyalty that bound them con- 


tributed in no small measure to his success. “male var ott 
Of modest and retiring disposition, he was dragged | forward. or pushed 
ahead by his friends, as his intimate history ‘reveals, and this, of course, 

was the the reaction of a loyalty that knew no bounds. It illustrates Emerson’s - 


maxim: you, want a fr ‘iend, be: one.” If a friend asked assistance, it was 


wil see what T can do,” but “What can I do now?” » 


3 in military ‘training until the of 

Civil War, was fitted for military service at the start. His training in 

and bridge building fitted him for the remarkable work of that 
character which he accomplished during the Civil: War. His experience 
freighting through an Indian country across the | plains fitted him for the 
Indian campaign at the close of the war. His surveys” west of the ‘Missouri 


River and his wide knowledge of conditions in the W est enabled him to 


President Lincoln on the selection from ‘several routes proposed for 


All these experiences peculiarly fitted General to build the Union 


Council Bluffs, where is buitied. 936 borates bit 
General Dodge was elected Honorary Member of the American Society 


_of Civil Engineers on M on March 2, 1915. upuby Ti lex by 


WILLIAM FRANKLIN ALLISON, M. Am. Soc. 


veer uo diseb etd od doidw .d t 


MoT te 
bagi illiam 1 Franklin Allison | was was born in Elgin, Minn., on Pore 1870, 


the eldest, child of William pl ‘Kezia (Culbertson) “Allison. His parents 


by C. Magnusson, M. Am. Soc. C. E. 
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ind OF WILLIAM FRANKLIN ALLISON 

“4 moved with their family to South Dakota i in 1877, where they encountered the 
- usual hardships and difficulties of pioneer life in the Middle West. Here, | 
Allison attended the rural s schools during his” Ville, the | 
4 grade and | high schools in the villages adjoining the family farm. 

= _ He taught a ‘number of terms in the district schools in order to provide 

7 the means for his ; attendance at the State College of Agriculture sand Mechanic 

Arts, at Brookings, Dak. . which institution he was graduated with 

honors in 1895. In 1897, he received t the degree of Bachelor of in 
From Purdue Mr. Allison went back to home where he was engagei 

in the practice of general surveying : until the outbreak of the war with Spain, 

“at which time he organized a company of infantry and was commissioned its 

Captain in the First South Dakota. Volunteer Infantry Regiment. Soon 

afterward he was promoted to the rank of Major. His regiment was was 

to the ‘Philippine Islands early in the summer of 1898 and there 
the "duration of the war and ‘duri ing the Philippine Insurrection. Major. 

Allison was the Engineer Officer of | the Regiment (May, 1898, to October 

1899), detailed for road and bridge building and for the laying out of earth- 

Bosco inning signal merit for his services. . He. was recommended for the 

Brevet Rank of Lieutenant- Colonel of Volunteers for distinguished gallantry. 

After. his ‘return from the Philippines in October, 1899, Major “Allison 

. ‘spent some time i in general engineering in South Dakota and worked for a time 

7 = the. Chicago and Northwestern Railway Company. Later, he took grad- 

uate work : at the South Dakota State College and at Purdue University and 

a spent a year in Cornell University. is _ From Cornell: he received the degree of 
In September, 1904, he became an Instructor i in Civil Engineering in the 

-hlr School of Mines, at Golden, Colo., and, in 1905, was advanced to the 

rank of Professor of Civil Engineering, and Director of the Department of 


Civil Engineering at this school, which position he filled for the ensuing seven 


‘During this period he was also engaged in considerable | private prac 


tice, including municipal, highway, water- works, sewers, and projects 


supervision | of construction of a large te: sting plant ae the ‘School of Mines 
“He also served as City Engineer for Golden, from 1908 to MRies! fac ow 
atten 1912, ‘Professor Allison resigned his 1 position ‘at the School of Mines 


and entered. private practice as Consulting Civil and Sanitary Engineer, it | 
Portland, Ore. “where he remsined until ‘September, 1913, when he was 


Wie, 


i; appointed Professor o of Hydraulics and | Sanitary Engineering at the Unive ersitY 
of Oregon. In 1914, he left Oregon to accept the position ¢ of Professor ral 
Municipal and Highway ‘Engineering at the University of Washington 
Seattle, Wash., which position he held until his death on J uly 7, 1927. . From 
August, 1914 to “May, 1917, he also served as. -Consu ilting for the 


his early ‘boyhood he was interested in affairs. ‘He ‘enlisted 


gal 


cag oe in the National Guard of Dakota Territory at the age of ‘gixtec and served * 
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red the anti outbreak of the ‘Spanish- American War when he entered 

Here, service with the Volunteers. At the beginning of the World War 1914, 

ny the _ was intensely interested and felt that all who had been trained in . military _ 


git 
Sued affairs should be ready to serve if - the need presented itself. It was with this 


an 1 idea j in mind that he offered his services to the Government and received the 


yank of Major in the Reserve Officers Engineering Corps of the United States — 


echanic 
d with Army. On the entrance of the United States into the war, he he was called into 7 


ence in serves (May, 1917), ‘and was ‘granted a a leave of absence from the University” 


engaged Major he went to France with the American Foote 


Spain, September, 1917, and from November, 1917, to April, 1918, he was assigned to” 
ned its duty with the Sixteenth Engineers general construction work, 
Soon April to November, 1918, he was Chief of the Construction Staff at Is-sur-Tille, 


jas sent rance, a1 and during and part of was Consulting Engi- 
there 


Major and through January, 1919, he was with the Peace Commission 
October Paris, France. He was discharged from service in Washington, D.C, 
if earth- ruary 17, 1919, and to his duties at ‘the University of Washington 
allantry. § Professor Allison, part in his profession-as, well a as 
heap business, and civic affairs. ; He served as President of the Western Washington 

yr a time 


Section of the American Society of Civil Engineers in 1923, and was a 


ber of | the Special Committee on Irrigation Hydraulics from 1922 to 
1927. He was the author of a ‘number of papers and | bulletins on various 

phases of Irrigation and Sanitary Engineering. at He was a member of the 
American Public Health Association; the Society the Promotion of 
ig in | the Engineering Education; the University Faculty Men’s Club; ; the American | 
ed the | Association of. University Professors; the American Legion; ; and the Presby- 


ok grad- mem 


sity and 
legree of 


ing sevel On August. 25, 1904, he to Mabel Hegeman, the daughter of 


ate prac and Mrs. P. J. Hegeman, of Brookings, Dak. He is survived 
1 ‘projects his widow; three « children, Katherine, William and Muriel; his mother, Mrs. 
sign and j Emma Allison, all of Seattle, and two brothers, Dr. H. T. Allison, of oot 
of Mines sate Wash., and A. C. Allison, of Lake Stevens, Wash, _and a sister, Mrs, — 
of Mines a He was a _ peace-loving, genial, whole-souled man, loved and respected by 


1 he we Professor Allison was elected an Associate Member of the American Society, 1 
Jniversity of ‘Civil il Engineers on October + 4, OR and a Member on October 1, 1913, 


HENRY CLARKE ASH, M. Am. Soe. C. E.* 


fe enlisted Henry Clarke Ash, the son ¢ of J ohn and Sarah (Clarke) born 
served 27, 1864, at Preemption, Tl. was of Scotch- Irish ancestry. _ 


= * Memoir prepared by a Committee of the Duluth Section consisting of W. A. Clark, a 
Am. § iG. H. But ler, and Sheldon B. Assoc Members, An. 
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MEMOIR OF HENRY [Memoirs 8 
He attended Cornell College, at ; Mount Vi Vernon, Iowa, w here he received the 


_ degrees of Bachelor of Civil Engineering, i in 1890, and Civil E ‘ngineer i in 1897, 
a On the completion of his studies in 1890, Mr. Ash went to work with the 
; Chicago and Northwestern Railw ‘ay Company i in the capacity of Rodman | and 


by 
_ Leveler, but left. this | Company i in 1801: to become Assistant City Engineer, of 


"4 +; Duluth, Minn. While serving in this ] position, he was in charge of the offices. 
and field work in the West End Branch of the City Engineering ‘Department, 


from which he supervised the customary ‘engineering work necessary to such 
an office. He carried on the construction of about nine miles of street paving, 
te miles of sewers, two pile and timber trestles, two miles of rubble masonry 
a, retaining walls, and a ‘great deal of ordinary minor city construction, such 
on 1896, ‘Mr. Ash joined the engineering forces of the Duluth 1 and Iron 

; _ Range Railroad Company, and was in charge of the field party at Two Harbors, 

a “i Minn. . He laid out the new yard system for handling and classifying the ore Fj &§ ie 


ano 
“trains for the docks and located the “Loop Line” from the yards to the main 


‘Hie: He also re- -surveyed and placed monuments for North Two Harbors and, oa 
later, made a complete survey of all the property owned by the Railroad Com- fo 

: o pany in Duluth. 4 In addition, he located the piers for the construction of the A 
_Duluth-s Superior Interstate Bridge and inspected the foundation work for this 

: is In 1896 he’ returned to Cornell College and for a year w was an Instructor Abe 
in “Adjustment, Use, and Care of Instruments”, and in “Field Practice”. ts CO 
During this period ‘Mr. Ash carried post-graduate work to ye 
receive Civil Engineer degree which was presented to him in June, 1897. 


States J unior Engineer, and in June, 1897, received his assignment as 00 
de 
de 


United States ‘Inspector in the Chicago District under Maj _W. L. Marshall, 


Corps of Engineers, U. Ss. A . From June, : 1897, , to the fall of 1898, Mr. Ash 


+> 


ow as engaged as Inspector of Dredging i in the vicinity of Chicago, Ill. He was 
transferred to Sterling, » for work on the: Illinois and Mississippi 


a Canal. He carried on the office work and s surveys for about one year a and then 
Resi de 

Station. During this. time, , approximately miles of the Feeder 
Canal were completed, including foundations for siphon ‘culverts, iron and 
culverts, | bridges, and bridge approaches. 
In 1902, 3 Mr. became associated with the Great Worthen Power 
i (now the Minnesota Power and Light Company of Duluth) for which he 


made an examination and report on a water power ‘proposition in Michie 


of the St. Louis’ and Cloquet Rivers, ‘and the necessary ‘calcula 


tions of flow in rivers, canals, and pipes with the fluctuations | of head inci- 


dental to preparations the design of ‘Thompson Dam and Reservoir at 
Thompson, Minn. Mr. Ash designed the dam for this Company : and it was his 


_ privilege to supervise the construction work « on the ‘Thompson Reservoir con: 


sisting of: An earth dam, 4 mile in length, ‘faced with rip-rap; a 700-ft. rock- 


16 On examination he became eligible for appointment to the > grade of United = Bis 
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fill dam with a concrete core wall; a concrete arcl h h dam, 55 ft. high, v 


a 100- ft. . radius; a concrete over-fall dam, 370 ft. long, which was. 45 ft. high; 
; 1000 lin. ft. of concrete retaining dams ranging from 10 to 50 ft. in height; 

reinforced concrete sluice- -gate house and head- -gate Soden: 1 mile of canal; 
and steel wagon bridges; an 80-ft. steel bridge; 


supervision of a complete laboratory for testing materials” for the entire 


In 1928, Mr. Ash a paper* for Twen -fifth Convention of the 


covering this work. Mr. M. B. Lagaard, of the Portland 
an examination of concrete work during 1928, and presented a dis- 
i cussiont on. the paper by Mr. Ash, pointing out the fact that the thoroughness 
of 1 the methods used by him as Resident accountable for the 

_exeellent condition of all the concrete ‘structures. J 


| From 1907 to 1910, Mr. Ash was with the Minnesota ‘and Ontario Power 


following» which he was s Consultant on the Rice Lake Dam. In the 


and associate. He was in very. ‘poor the last. 
years of his life, and while suffering and sick, as he knew himself to be, his 7 
usual | cheerful ‘smile g gave. an outward sizn of content and happiness. His life 
Ww as a continuous portrayal of that which man should be toward his fellows: — 
- considerate of others even to the neglect of self. It may be compared with 
“f ‘that in which it was most useful, ‘a piece of ‘construction in in which all a Sa 
depends upon t the foundation. life of Mr. Ash on this earth constitutes 
the foundation u ‘upon which the superstructure of the most ; marvelous. future 
may be erected without fear of deterioration due to faulty” substructure. . 
Ash was a member of the Glen Avon Masonic Lodge, and of the 


Scottish Rite Fraternity. He was also member the Glenn Avon Presby- 


On 11, 1899, he was married to. Frances ©. ‘Hoadley, of Boston 


an 


- Mass. , who, with a son, James H., 
oun Mr. Ash was elected a Member of the American Society of Civil ‘Engineers: a 7 


acu, geod. io, Dien Aveusr 14, 1929. qi ide 


Frank Foy Axtell, the son of Thomas Jefferson, , and Edna Axtell, was 
Washington, Ind. on August 18, 1867... His. father. was a 


* “The Thompson Dam and Reservoir” (Minnesota), Proceedings, Am. Concrete Inst. 
Warren Hughes, Assoc. M. Am. Soe. 
OM 


nd a daughter, Katherine C., survives him. 
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having come Indiana astive ‘State, Pennsylvania, 
7 e a young man. The mother was from one of the Indiana pioneer families 
long resident i in that part of the State and their son grew up with many early é 
_advs antages in a material and social v way. orton | 
x B ollowing his graduation from the local High School, Mr. Axtell entered § 


<kulienn State University, from. which institution he ‘received his degree in 


In September following, he w as temporarily employed as as Rodman ona 
8 Precise level survey of the Missouri | River. He left that work in the spring 
of 1892 to go as Recorder on a  Nentaealihel survey of the Mississippi River, 
under the Mississippi River Commission, at St. Louis, Mo., becoming Field 

"Draftsman in 1894. In that same year he left the work of the Commission 

for a time, engaging in the survey of suburban property and on an interurban 
railway i in St. Louis, with F B. Maltby, M. Am. Soe. Cc. E.; ; in 1895 he went 
with: Mr. “Maltby to Uvalde ‘and Eagle Pass, Tex., on an irrigation p project. . On 
ss ‘returning to the Mississippi River Commission i in 1896, he was, successively, 

Draftsman, Leveler, and Surveys or. He was promoted to the grade 

of U.S. Surveyor in 1897, and given charge ofa Topographical Party. 
“gb As early as 1899, however, it became so advisable for I Mr. ‘Axtell to seek 
a Ve milder climate | on account of his health, that January, 1900, found him 

in New Orleans, La., attached to the U. S. Engineer Department, under the 

Lt. I H. Adams, Corps of Engineers. He was sent to Calcasieu Pas 88, 

(iad, to supervise e the reconstruction and extension of the jetties at that place, 

‘Inattress: foundation and rip-rap stone work, which involved con- 


siderable ‘Sxpense- On the completion of work, he was for a time Assistant 


one of the miduthe- of the Mississippi River, “a work difi- 


“culties requiring the » expenditure of $175 000. et 
ots On the completion of this work, Mr. Axtell was transferred back to the 

U. 8. Engineer Office, at New Orleans, and advanced to the grade of U. §. 
Junior ] Engineer. He was placed i in charge of the improvement of a number of 
small s streams, including the the dragging and dredging of these and the planning 
improvements is of a permanent nature. Then, for a time, pending the 


of the River and Harbor Bill, he w as the Engi 


aces to Sabine, -Tex., where he was given local supervision of the 

__ improvement of Sabine Pass Harbor and Jetties, Sabine Lake, and the Sabine 
—" Neches Rivers. In 1906, the U. Ss. Government acquired title to the Port 
- Ship Cait ant Harbor, and the supervision of those works was turned 
oe a over to Mr. Axtell. In 1908, the office maintained by} him at ee was movel 


From: to 1912 his duties included the following: lete tr 
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7 1910, ‘to the amount of $716 000, the work including rip-rap stone work founda- 

tion, and granite: and concrete capping ; (3) the surveys for, and the preparation 

. of plans and specifications, and the supervision of the work of excavating a 


“8 canal connecting the Port. Arthur Ship Canal and the mouths of the Sabine 
gree in 


q 


pleted, but it has been and d deepened several times si since as appropria- 


the U. S. sea-going dredge, Sabine the U. 8. hydraulic dredge, 


Assistant 
ississipri 
wh, La, 
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x to the 
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umber of 
planning 
ding ‘the 


he ‘Sabine 
) > the Port 
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i 


tions and the supervision of jetty me at Sabine Pass, in 1903, 1905, 1908, 


and Neches Rivers, known as the Sabine- Neches. Canal (this canal had a a a depth 
of 10 ft., was 100 ft. 1 Ww wide on the bottom, ‘and 16 miles long when first com- 
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Port Arthur; and (5) the supervision of the surveys for the Intracoastal Canal — a 
from (a) | Caleasieu River, Louisiana, to Sabine River, Texas; and (b) —_ 
Pass, Louisiana and Texas, to Galveston Bay. 
In 1912, “Mr. Axtell went with the Texas Company at Port Arthur, as ‘ Ooni: 
“struction, Engineer, in which position he supervised of con- 
crete retaining walls, docks, s, warehouses, and oil pipe lines. 19138, he was 
to Tampico, Mexico, where as Chief Engineer for the Panuco Transporta- 
tion Company he was engaged in land surveys, hydraulic dredging, and the © 


construction of docks, warehouses, and dwellings. ‘When the Panuco Trans- 
Bese Company was merged into the Texas Company of Mexico, he was 


made Chief Engineer for the construction of oil - pipe lines, boiler and pump 


houses, docks and dw ellings, hydraulic dredging, and filli ng—a total of more 
- than $1 500 000. He remained i in Mexico seven years and returned i in 1920, as $ 
© at this time his two sons were of an age to need the educational opportunities - 
* In 1921 Mr. Axtell became: allied with the Gulf Refining g Company, of Port ye 
Arthur, reputedly the largest refinery in the world. - Dredging, the filling in of it a 
a bayou, a large expansion and construction program carried on by the Gulf > 
Company, were pr projects in which he had a part; later, the land maps and f “ya 
aw were handled. In spite of his failing health, for more than a year, : a 
he kept | actively engaged with whatever came in his line of duty until July 19, a -g 


when it for him to continue. He went 


it 


the city which: had been for more than 20 years, except 
the 1-y “year period | he spent i in Mexico. baa ugh 


"judgment charitable toward all. He was a devoted ‘amily man of 
high ideals. He was married on September 15, 1904, to Harriet Duncan, of fs 
_ Washington, ihre with their two sons, Edwin Duncan and Frank F., 
‘survives him. He is also survived by one sister, Mrs. George Kramey! i 
He became a member of the Presbyterian Church in early ‘cons 
tinued in that. faith to the end of his life. He took great interest in civic — wus 
affairs as long as his health permitted, having served as a member o of ‘the local me 


is technical training made him accurate in his methods, he was 
unsparing of himself ‘En ineer. He v nerous, to 
pari g of himse an ngineer He was generous, to a ‘fault, toward 
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those with whom he was associated in various engineering praaents, and this to 4 
such an extent that often others reaped where he had sown, 
‘Mr. Axtell was elected an Associate Member the American Society of ‘ 

vember 26, 1918. auld 


won 


Edwin Duryea, Jr, was born | at Craigville, N. Y., 12, 1862. 


was the son of Edwin and ‘Hannah (Rumsey) “Duryea. His family 
Huguenots from Burgundy, France, who came to the United States in 1675 
and settled in Long Asland. Their descendants fought the French 
Wars and, later, in the American Revolution. oi 
ae Mr. ‘Duryea spent. his boyhood in New York State, attending the public | 
schools and Cornell University, at Ithaca, from which institution he was 7 
graduated in 1883 with the degree of Bachelor in. Civil Engineering. 
1890, he received the degree of Civil Engineer from the same institution. - His 
first « engineering “wor was on the Northern Pacific Railroad Bridge over St. 
> 4 a Louis Bay at Duluth, Minn., under the late E. H. Beckler, M. Am. . Soc. C. E, 
Assistant Engineer, and the late Alfred Noble, Past- President, Soc. 
From March, 1886, to ‘April, 1889, Mr. Duryea was employed ‘under the 
late Gece: Ss. Morison, Past- President, Am. Soc. C. E., as s Assistant Engineer 
on the Rulo Bridge at Rulo, Nebr. ( (with the late B. B. % Crosby, M. Am. Soc. 
C. E., as Resident Engineer), and as Assistant Engineer i in charge of borings, 
surveys, etc. , for the location of the Memphis Bridge over the Mississippi River, EY 
at Memphis, Tenn. ; he also acted as Assistant Engineer i in charge of river pro- 
: tection and enntvensitann fee the Nebraska ‘City Bridge o over the Missouri River 
at Nebraska City, Nebr., and as Resident Engineer on the new Omaha Bridge 
(Northern ‘Pacific Railway) over the Missouri River : at Omaha, Nebr. 
—_— . was also employed as Resident Engineer on the Cairo Bridge (Illinois | Central. 
g ‘ cam | Railroad) over the Ohio River, at Cairo, IIl., ‘this too under the late Mr. Noble. 
4 ‘During 1889 ‘and 1890, Mr. Duryea was” ‘engaged on the location of the 


e Ye Hutchinson, Oklahoma and Gulf Railroad, in ‘Kansas; on the Chicago and 

= Western Michigan Railroad, and the Detroit, Lansing and Northern Railroad, 
Grand Rapids, -Mich., and as ‘Assistant: Engineer on the construction of the 
Traverse City E Extension of the Chicago and Western Michigan Railway. fat 
ie From January, 1891, to May, 1893, he served as Contractor’s Engineer w ith 
Washburn » Shaler and Washburn, Civil Engineers and Contractors, in | charge 


and ¥ water supply sewerage | near r Chicago, Ill. Under ‘the 
Fs Bast employment he was also engaged on computations for bids for the cor 


struction of the New Croton Dam, New Croton Aqueduct, for the New York 


Memoir prepared by Charles D. Marx, Past- ‘President, Am. Soc. and B. 
ring and H. L, Haehl, Members, Am. Soc. C. ty’ gars 
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a -. Engineer i in charge of the Brooklyn half of the New East River | Bridge ‘until 
a) Fr after which ch time he w was engaged in private practice in New York City. 
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City water supply, and on the construction of the Third Avenue Cable Rail-_ 
- way, in New York City, a as well. as | in serving as Contractor’s Engineer and 


Assistant on a of the New Croton Aqueduct. From May, 


for live: lead, | tower 
and the design of anchorages and similar structures, i He was later Resident 


= 


—-In 1902, he went to San Francisco, Calif., as Chief Engineer ¢ of the Bay 
Cities Water Company, and its allied interests, being engaged on investiga- 
tion and design for city water supply and — ee in connection 


Beginning 1907, Mr. Duryea became (as Senior 
with the engineering fi firm of Dury ea, Hachl and Gilman, of San Francisco. ‘He ; | 
continued in that connection until 1920. ji His work during this period involved oy 
the construction of the system of the South ‘San Joaquin Trrigation District 

in California, the of dams and power the 
Conchos i in n Mexico, other important engineering works in -eonnec- 
tion _water supply, irrigation, and power development in ‘California. 

-_ ‘During this time he w as a member of the “Committee | of Forty” appointed by — 

the Mayor of San Francisco to advise on the rehabilitation of the city after the ; 
Owing to ill health, Mr. ‘Duryea from active practice in 1920 and 


remained thereafter at his home in Palo Alto, Calif. 
He was always an active and ‘enthusiastic member of the Society and a" 
participated whole- e-heartedly in its activities. He took his profession 1 very 
“seriously, wa was s especially jealous o of its honor, and ‘punctiliously. observant of 
its ethics. — He was one of the Charter Members of the San F rancisco Section , . 


of the Society, having served as its President during 1906. He was = 


a member of the Western Society of Engineers, of Chicago, and an Ass 
ciate Member of the Institution of Civil Engineers, of London, England. 


‘fe Mr. Duryea was a man of unusual force and personality, whose gentlemanly. ) 
conduct and | consideration of others impelled the respect and admiration of 
a all those who knew him. ‘The high order of his engineering work, the great 

. 8 "interest which he took in his fellow- -engineers, and the unselfish assistance 
~ which he rendered, particularly to young engineers with whom he came in 


contact, won for him the unreserved loyalty a and friendship of all in his 


ae In December, 1888, he was married to Roberta Taylor, i in Ithaca, who, with ae A 
“five children, Robert, Margaret, Anne, Philip and Helena, as well as’ a sister, 


Mrs. Julia Tuthill, and a brother, Mr. Howard Duryea, survives him. 
Mr. Duryea was elected a J unior of the American Society of Civil Engi- 
i neers on ‘February 2, 1887 ; an Associate } ‘Member on September 4 4, 1895; pod - 
& Member on February 2, 1898. He served as a Director from. 1916 to 1918. oe 
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THOMAS NIXON GILMORE, M. Am. Soe. E.* 


‘ 


74 


"pany, a part of the Southw est System of the e Pennsylvania Railroad Company, — . 
as Special Apprentice i in the Mechan _ He continued with this ¥ 


Round-House Fo: oreman, Division Foreman, and also, on various: 

assignments, including studies i connection with fuel, steam heat, and oil. 
ge In 1902, he entered the service of the Terminal Railroad Association of o 
aj St. Louis, Mo., as Mechanical Superintendent i in charge o: of the Mechanical and > 
Car Departments. This" position carried with it responsible « charge of the 
design, construction, and equipment o of. extensive mechanical improvements 


preparatory to the World’s Fair which was held in St. Louis in 1904. These 

improvements included locomotive shops and 1 roundhouses, coaling plants, 

Mr. Gilmore was next engaged as Assistant General Superintendent of 
Motor Power for ‘the Chicago, Rock Island and Pacific Railway Company dur- - 


ing 1904 and 1905. In this position a large part of his time was devoted to §& 


improvements in standards of motor power facilities, in to the regular 


In: 1905, he entered the service of ‘Westinghouse, | Church, Ker and Com- 
pany, a as Engineer i in charge of specific undertakings. scope of this organi- 
os zation is | well known and covers | a great variety of engineering and construc- 
tion operations, including railway lines, ‘power facilities, » industrial plants, and 
"public utilities. ‘The work Gilmore’ s direction covered a a large 


number of railway and terminals, the West Spring Shops 


> Company; locomotive shops and power- -house and incidental aia 
; Silver Grove, Ky., and other points, for the Chesapeake and Ohio Railroad 


Company; shops, pow er- -house, and water supply at Havelock, Nebr., , and West — 


Towa, for the Chicago, Burlington and Quincy Railroad 


Ita., ff Canada; and rey Communipaw e engine e terminal ‘at J fersey y City, N. gg 
- the Central Railroad ‘Company of New J ersey. His other activities Cat. 


or 
and reports on the improvement of shops and faciliti 


Subsequently, ‘Mr. Gilmore beca ame 


ecame ‘Engineer, ¢ giving both de 
ts sailed and general supervision to works similar to those outlined. a Later, he 


by James C. Boyd and Edwin J. Beugler, Am. Soc. C. 


railroad until 1902, being employed, s ‘successively, as Engineer of 


became Vice-President and Chief Engineer, and also a Director, of Westing- i] a 
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Kerr Company, Incorporated. The of this 

7 Company w were accented considerably during the period of the World War, and 7 
Mr. Gilmore’s Position as Chief ‘Engineer contributed toward the expans: n 
of the engineering and construction “organization, which covered a large 


, warehouses, and ‘Special work, ‘much 


OF ALBERT BANKS HILL 


in co- operation w with the Army diem: _ A citation given to the mena after 
the war by the United States Government was due in a large degree to he 


efficiency of the organization developed under Mr. Gilmore as Chief Engineer. 


a In 1920, Westinghouse, Church, Kerr and Company was merged with — 


‘Dwight A Robinson and ‘Company, continuing along the sam me lines of 


en and Mr. Gilmore became ‘Consulting 4 in the combined 


_ Engineer, specializing on 1 the lines in which he had been most actively « engaged 


and thus continued until the time ofhisdeath 


Mr. contact with a great number railway systems in 
rm United States and Canada and his habits of denniien and analysis fitted | 
him for rendering unusual service in the development of ‘designs and 
struction of facilities for any given location. . Moreover, his faculty 
of co- operation with the var ious departments of the railroads for which he was — 


oe work, produced results which reflected the best ideas of all concerned. ly 
oe He was a member of the American Society of Mechanical Engineers, | and — 


: the ‘Structural Engineers’ Association of Illinois. connection with social 
organizations included the Engineers’ Club_ of York City, and the Echo 


Mr. Gilmore was elected a Member of the American Society of Civil Engi- « 


Ve 


ALBERT BANKS HILL, M. Am. Soe. C. E.* 


Albert aks and his brother, thur Hill, were 


= Redding, Conn., on May 28, 1847, the youngest of seven children of net 


«Al and Betsy (Banks) Hill. ~The family was of old ‘New England stock 
having descended from the ‘William: Hill, who | emigrated from England arr 


1632, twelve years after the. sailing of the Ma yflower, and finally settled a 


td Fair ing Conn. It is recorded that “he was a man of note among the Colon- 
One of Mr. Hill’s grandmothers was: a niece of Joel Barlow, LL.D, 


Hill attended the common schools of Redding and himself 

for college. with the aid of one ‘term. at. a private school. He entered 

Sheffield Scientific School of Yale University and was graduated in the Class 


of 1869, with the of Bachelor of Philosophy... One year later he received 


* Memoir prepared by E. M. T. c. C. 
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a as Instructor in Mechanics | Surveying i in the Scientific School, , and 


began ‘practical profession al work as Assistant on construction of 


ow ater supply reservoirs for tl the Town of Danbury, | Conn. Mr. Hill was ¢ also 


= a Instructor at Yale for the following year, during which period he was at 
time Chainman on a construction party” for ‘the New York a nd Boston 


Air] Line Railroad and at another time in of a a party on 
survey for the Saugatuck Valley Railroad. 


: od These connections with the building of original ra railroad lines show tein | 


far back in the engineering history of the United States Mr. Hill’s work began. — 
os ‘It ‘Provides the background f for the fact that during the last years of his life, | 
he typified to his younger colleagues the Profession of Civil Engineering of 
which profession he was regarded as the Dean in the State of Connecticut. 
‘He was practically the | last of that distinguished group of engineers who can 
never be replaced, whose practice ‘covered nearly the entire field of Civil onal 5 
neering. Mr. Hill had a fine record of accomplishment i in Railroad, ‘Highw ay, 


‘ on Structural, and Sanitary Engineering fields which one or two gen- 


ms 


, 


>) 


erations ago 0 would have been covered to a a considerable « extent by a single — 
person, but which now expanded so that each into a 


of the City. of Rew Conn. at first in n charge « of survey and 


then, in the following year, in charge of the Sewer De partment. He « 
y ep 


_ tinued in the City employ and from 1883 to to. 1892 was City ‘Engineer of } of New 
“Haven. In 1892 he took 1 up private practice which he continued for ‘nearly 


forty years, the entire span of his engineering work having covered more than 


~ During this period Mr. Hill was in the civic life of Connecticut and 

became one of the State’s most respected and useful citizens. Particularly 
a. marked was the effect of his kindliness and high standard of ethics upon the 
n in his own one prominent Connecticut engineer stated, 


ug “did 1 “more than any one in this State ‘to » elevate the profession of Civil 


Some of by Mr. ill in Connecticut xecuted. 


under his direction as Engineer, were : The swing bridge over Norwalk Riv er, 

< at South Norwalk; the steel arch bridges over Mill River, New Haven; over 
Whitney, | Hamden n; and over Lieutenant River, Lyme ; the Suspension 
"bridge over | Lake Whitney (270- ft. span), for. the New Country, Club; 

_ the stone arch bridges, Fast 1 Rock Park; reinforced concrete arches in Cheshire, 
Hamden, Waterbury, and ‘over Bridgeport ; park drives; the Fast 

Rock, West Rock, | and Beacon ‘Hill Pa rk Drives, New Haven public. 

“system; ‘part of the New Haven Sewerage System ; sewerage systems for Dan- : 
bury” and Shelton, Conn.; disposal works for Litchfield, Conn.; outfall s system 

for Greenwich, Conn. ; electric railways: Moewnlk ‘South Norwalk, South 
N 


ae iaiagapets to Fairfield bid Southport, New Haven to Derby, New Haven to 


a to Waterbury, Cheshire to Milldale, , New Haven faven to Walling- 
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|, and ford, New Haven to East Haven, and Palmer to Ludlow, Mass.; and the 
on of facturers Electric Freight Railroad, New Haven. i 
also Consulting Engineer he designed the reservoirs, dams, standpipes, and 
vas at pe lines for the New Haven W ater Company ; the Bridgeport Hydraulic » 
joston Company ; the Birmingham Water the Greenwich Water 

-_ the New Canaan Water Company; the Noroton Water Company; the Stamford | 

s — Company ; a1 and the W ater Department of the City of | Meriden, Conn. — ; 
In 1905 he was President of the Connecticut: Society of Civil Engineers | 
began, and, later, , was made an Honorary Member of that organization. He was 
s life, : member of the following societies and clubs: Graduates Club, New Haven; Ss 
Chamber of Commerce, New Haven ; Connecticut Academy of Arts and 
ing of Sciences ; New England Water Works Association; and of the Finance Com- a. 
tient mittee of the Organized Charities Association of New Haven. = 
Lacking a family of his own, Hill devoted almost his entire efforts to 
Engi- engineering w work and to his s friends i in the Engineering Profession, was 
phway, one of only two Connecticut citizens who have se erved 
single The late Albert L. Webster, M. Am. | ‘Soe. C. a life- long ja 


ia “Be “His one and only passion was devotion to — constructive e eering &§ 


work. The magnitude and importance of the task in hand had no influence - 
on his attitude toward what lay before him for solution. His concentration — 
-was on the most faithful and best solution of his problem be it large or small. 


rk and 
[e con- 


New It was the integrity of his nature practically applied to daily tasks with delib-— 
‘nearly eration and calm. ‘Spectacular projects had no appeal to him. He was alw ays 
= busy, but never hurried, and the long list of his accomplishments bears record 7 ms 
re than ; of unremitting industry and love of his profession. Vacations to him were but ; 
aes 4 interruptions to the life he loved best, so he took only some few holidays from 
sat and : his office as he felt needful for recreation of body and mind and such as he — 4 
icularly _ took were spent in study and contemplation of the engineering work of others: a i 
he ; akin to some pr oblems of his own or to tramping the countryside in review - “a 
pon the. possible expansion of water supply services with which he was associated. __ ow 
stated, looked upon engineering as a great and almost sacred calling to 
Civil devotedly upheld by serious: and honest industry .and integrity. 
4 point of view he regarded as a traitorous denial of faith, a “4 
“His long line of Puritan ancestry with their devotion to duty and 4 
Ri dictates of conscience was reflected in his simple adherence to the faith of his 
< Ri ‘ 


4 fathers and he retained to the end membership in the Congregational Church 
nN; over » of his native town of Redding, Conn., the town of his fathers, and while i in 
spension q ew Haven was a consistent attendant at the Congregational Center Church 


Cl b; on the green, whose echoes still recall the sturdy preaching of that staunch 
"devotee of the Faith, Dr. eonar Bacon. 
the East At his: death the editorial in the. New Haven Courier Journal, of January 8 
lic park 1980, accurately reflected the feeling of the community. Tt reads as follows 
for Dan od “AE Farrnr UL SERVANT AND CITIzEN Yo moat 
1 system “The passing of Albert Banks Hill from the active life of New Haven ought aa s 
, South 


jdgeport, 
Taven to 


_ neer is solidly written into the history of New Haven both as it reflects the 
4 activities of the local government during many years and as well the activities 
of private interests who found his talents indispens: able. But it is not his pro-- 

calls from us a tribute to his memory. That lives in 


| oa to be lost in the mere occurrences of the day. His career as a civil engi- 
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MEMOIR OF HENRY 
certain of a practical and enduring Iti is to the nature 
of the man that we desire to pay a delayed compliment. He was a quiet 
_ spoken, modest, and sincere man of affairs. What he was called upon to do FF 
for public or private interests he did thoroughly. In that respect he was af 
fs craftsman of the old school. He threw into his w ork both as teacher and prac- 
___- titioner the joy of the task. Tt fed his imagination and gave a personality to 
* his achievement. The generation in 1 which he was educated and trained is pass- 
_ ing and the mass principle is affecting the life of to-day. Both as a public 
- servant and a private citizen he possessed virtues which were translated oi 


# 


Mr. Hill’s death occurred. on January 2, 1930, in the eighty-third of 


his: | age. . He was s active to to ) the last, and had planned to go to his ast as usual 
the day when he passed on suddenly cand quietly. 


3 a Hill was elected a Junior of the American Society of Civil Engineers | 


on Febr uary 2 » 187 76, and a Member on n March 5 » 1884. mates as a Director 


4 


@ 


‘Henry Holgate was born at Milton, Ont., Canada, September 14, 


“His early education in the Schools ‘and in High School in 
Toronto, Ont., Canada, prepared him | for an apprenticeship to the Northern 
Rally Company of Canada, under ‘the direction of F. W. Cumberland, Chief 


Engineer and Managing Director, from 1878 to 1883. ‘uaubai uiitiunrisy be 

— On the completion of of his service, Mr. Holgate was placed i in charge of the f 
‘Mestilew: Railway and the Hamilton and North Western Railway, both of 

; ¥ yhich were absorbed by the Grand 1 Trunk Railway Company of Canada, under 


Ge 

the general management of Sir J oseph Hickson, President of the Grand Trunk, 

with headquarters in Montreal, Que. , Canada, to whom Mr. Holgate reported 

directly. A. During the tenure of office under Mr. Holgate, these railways were 


on 


practically re- built, “permanent structures being erected in - place of the ten- 
porary works. “The gauge of the Northern Railway was changed to the stand- 
ard 4 ft. 8h i in, ‘ the former 5 ft. 6 i in, , and yards and depots v were gradually 


- td in ved to a fairly high standard. This period extended from 1883 to 1892. 
Showa rom 1892 to 1894, Mr. Holgate acted as Engineer for the Central Bridge 


ltr 


Company at Peterborough, Ont., Canada, designing building highway 
and railway bridges and v various structures, including the Union ‘Station at 
Toronto. During” the two years (1896 to 1898), he served as Chief Engineer 


and Maiti! of the Montreal, Park, ‘and Island Electric Railways, a suburban 


system of Montreal, and as Construction Engineer for the Company on 


From 1898 to 2000,' he was. Chief ‘Engineer: and Manager of the West 
5 are Electric Company, of Kingston, J amaica. He developed power on the 


®t Cobre, transmitted it to Kingston, built and eqnipned twenty-seven miles 
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* “The Hydro-Electric Power Plant of the Cedars Rapids Hydraulic Manufacturing Com- 


"September, 1 1930, MEMOIR OF RICHARD LEVERIDGE HOXIE 
electric railway, and also operated it. 1900, he entered general engineer- 


; ‘ing practice, maintaining an office in Toronto. — He built the hydro- electric 
plant for the Canadian General Electric Company, at Peterborough, and cor con- — 
_ structed the hydraulic work for the Seven Islands Power Company, on ~ 
north shore « of the St. ‘Lawrence River, 320 miles northeast of Quebec, having — 
r- previously explored the region and selected the site for the piers, power an 

= From 1901 to 1911, Mr. Holgate was in 1 partnership with Mr. Robert A. 

Ross, an eminent Electrical Engineer. 


‘Britis Columbia the Sherbrooke and Power the Disraeli, 
the Farnham, and others. In 1907 Mr. Holgate was appointed by the Covenas 

: _ ment of Canada as Chairman of a Commission to report on the causes _ 
led to the Quebee Bridge disaster. He and his associates produced a fearless: 3 


| When the partnership with Mr. Ross was: terminated in 1911, Mr. Holgate | 
again engaged in private “practice. next work of importance was the 

180 000- -h.p. Cedar Rapids Development, the St. Lawrence River. 


1915, he prepared and presented a this work* before the > Canadian 


which he v was the Gzowski Medal. He also was on a number 


works, his most recent outstanding | service as a Consulting Engineer 
having been a report, made in collaboration with Mr. J. Jamieson, on the 
4 _ Mr. _ Holgate was a gentleman of courage and ability, and his. death from 
a sudden. attack of angina pectoris, is a loss to the Engineering Profession. be 
While he did not confine himself to hydro-electric development, he was inter- 
nationally known as an a expert on that subject, and was much sought as a 
was a “member of th e Engineering Institute of Canada, American 
Society of Mechanical Engineers, and ‘the Engineers Club of Montreal, | 
a x He was married at Milford, Del., , on ‘September 19, 1888, to Bessie — 
4 Headley who, with two ‘sons, Henry W. and Edwin H. 3) him. i 
wag elected a Member the American Society of Civil 
E ingineers on October 2, 1901. ip wi, den Cat ol 
RICHARD LEVERIDGE HOXIE, M. Am. Soe. C. ad 
__ Richard | Leveridge Hoxie, the. son of | oseph and J acqueline (Barry) 
Mediate was born in New York, N. Rie on August 7, 1844. He came of Colonial 


Baines P. /Q” 7 Transactions, Canadian Soc. of Civ. Engrs., Vol. 29 (1915), Pt. 1, 

Memoir prepared “under the “direction Maj. -Gen. Lytle Brown, —Chf. of Engrs., 


v. A., Washington, D. C. 
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Lt. t.-Col. and hi Lis great- 
grandfather, Lieut. ‘Peleg Salas: having served in the Revolutionary — 
atte nded schools in n New York, Pennsylvania, and Italy, from t 

858, and was a student at Towa State > University from 1858 to 1861. Pile. red 
At the outbreak of the Civil War Mr. Hoxie in the First Towa 

n Company F of f that 


— he an asa Cadet we United States Military a 

Academy, at West Point, from Tow a. He entered that institution 
July i, 1864, was | graduated third in his class on June 15, 1868, and was” 

ao on that date. as a Second Lieutenant in the Corps of ‘Engineers, 


S. Army. He began his commissioned service with the Engineer Battalion 


Wilts Point (now Fort Totten) he remained until 


sof ‘S. Army, then in . charge of the 
survey United States w est of e 100th meridian; he 


served as | Assistant on this work until 1874. 
me In 187 4, Lieutenant Hoxie was ‘appointed Engineer to the old Board of 


Commissioners. the ‘District of Columbia and served in this capacity 


oo 1878, when under the new District of Columbia Government he became 
Assistant to the Engineer Commissioner. Hey was promoted to the grade of 
Captain, Corps of Engineers, in 1882, and remained on duty as Assistant 
to the Engineer Commissioner of the District of Columbia ‘until 1884 Dur- 
a the last two years of this service he was also on duty in connection vith | 


the extension of the Washington Aqueduct for the improvement of the water 


| 
in Alabama, Georgia, and ‘Florida, and also of the defensive works at Pensa- 7 


— Fla. He was then transferred | to bee A at Willets Point, where he served 


on 


was in die: the Allegheny and ‘Rivers, 
until 1897. He reached the grade of Major i in the Corps « of Engineers in 1895. 


33 In 1897, , Major Hoxie 1 was transferred to > duty at t Portland, Me., in charge 


_ where he remained for about one and one-half years. is, In 1898 he was assigned 


to. duty | as Secretary of the Lighthouse Board, in = D. 


‘duties in Baltimore consisted of river and harbor ‘improvements wed fortifics- 
_ ten, work and, in n addition, he served as. Engineer of the Fifth a 
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§t. Paul, Minn., in charge of the works of river and harbor improvement in 
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—— _ He reached the grade of Lieutenant-Colonel, Corps of Engineers, in 1904, cee 


ttalion 
he 


"September, 1930.) oF son EDWARD JENNINGS 
that of Colonel, in 1907. On 1908, while still on duty at 
more, having reached the statutory age —s 
was placed on the retired list of the Army, with of 
General Hoxie’s service to his country was practically continuous 
of nearly half a century. It began when « as a boy, at the outbreak of q 
the Civil” War, he. responded to the call for volunteers. I He was the last 
member of that group of officers of the Corps of Engineers who had active 2 
_ service in the field during thé great conflict of 1861-65. He participated in , 7 
the explor ations which ; gave to the people o of the United States the first accurate a: 
en of the territories of the Far West, a vast area that sixty y ears 


was practically terra incognita services as City Engineer i in Wash. 


sight and engineering skill. of the sewer wil water systems, and many 

4 the streets which serve the } people of the Capital City to-day, were planned — 
and built by him more than fifty years ago. hos 
per * 1873, General Hoxie made a visit to Florida and at that time realized 
its advantages as winter resort. was a a close friend of Mr. ‘Henry M. 


He Cea in Miami, and his remains were. 
brought back to Washington, where, after a simple service in his home, his” 
7 were placed in the e Arlington J National | Cemetery, the | last resting place 

an ever-increasing company who have served their country loyally and well. 4 

_ General J Hoxie was married on May 28, 1878, to Vinnie Ream, the celebrated 
‘elie who died on November 20, 1914, leaving | one son, Richard Ream 
‘Hoxie On. April 30, a Ruth Norcross, who, with his son 
i Grand Army the Republic, | , the 

te of the American Revolution, the Loyal Legion, and of the Metropolitan, 7 

Army and Navy, and Cosmos Clubs of ‘Washington. . At one time he belonged es 

to the Duquesne Club of Pittsburgh | ‘and the University Club of Baltimore. 


General Hoxie was” elected a Member of. the American Soe Society of a: 


EDWARD JENNINGS, M. Am. Soc. C. 


John Edward Jenni ings was born in Brooklyn, N. ‘on April 18, 1875, 
the s son of John S. Jennings and Mary . A. (Sigsworth) Jennings. = 
oo Mr. Je ennings attended the Brooklyn Public Schools until he reached the a 
age of fifteen. At this time he secured a position in n the Construction Depart- A 
ment of the Central Railroad Company of New J ersey. While ‘employed 
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4 Memoir prepared by a Committee consisting Of Messrs. Theodore M. Avery, and Kk. 
= Coombs, E. M. Van Norden mand E. J. Staubitz, Assoc. M. Am. Soc. C. E. 
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ability soon placed 
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methods of design were unsatisfactory. He introduced many “new ideas in 
reference to loadings, safety factors, and working stresses to govern the design. ee 


* While progress has demanded some modifications, had is a tribute to his excep- 


790 
continued his studies at Cooper Union, from which institution he was gradua 
in 1896. His efforts resulted in a rapid promotion, and when he left the J 
employment of the railroad (in the year o 
ian. 
Subsequently, Mr. Jennings wa was in ‘the Drafting Rooms of the 
_ Bridge Company; he also was associated with the firms of Post and McCord a 
een Garrigues. . In 1898, he entered the employ of Milliken | 
him at the head of a squad having complete charge of detailing many 
large hotels, office buildings, and similar structures. supervision also 
mills j in the Hawaiian Islands. In 1901, Mr. Jennings received further 1 recog- F 
nition by being placed in complete charge of the Designing Division of | 
supervised and controlled the design 0 “many large structures. 1906 
until 1908, he held the position of Assistant Chief Engineer. 


3 e year of his graduation from Cooper Union), 
he held the position of Rodman. 
"Berlin Tron Bridge Company, the Elmira Bridge Company, and the Dominion 
e en 
Brothers, Incorporated, as Draftsman and Checker. 
- included mill buildings of various kinds, including some of the largest sugar 
Company. He continued in this capacity until 1906, during which period he 
In 1908, steel towers for high- tension transmission lines came 


ei the ¢ esign of ‘many « of the presen 

- _ _ When radio became a commercial possibility, Mr. Jennings quickly realized 
the x necessity of structures for supporting the antenne. With his’ wide experi- 
_ DA ence in the transmission field he was in an excellent position to undertake the — 
studies | of these structures. He developed | a standardized design of tower 


which proved highly satisfactory, ‘and is now used | at many of the important 
wireless st stations throughout the world, including many ‘of We broadcasting — 


1918 he became ‘President and Chief Engineer for Milliken 
While i in this ‘position he 


Brothers: Manufacturing | Company, Incorporated. 
- _was frequently y consulted by many of the large power ompanies and syndicates, 
‘e as well as by the Government of Norway. His work in connection v with the 

= tower designs for the Norwegian Government called him from the ‘United - 


7 ‘States in 1920 and resulted for him in a trip around the world for a study 


of transmission- line conditions and construction. — His travels led him t to 

= Au stralia, » where his skill made itself evident in the design of the 100- mile 
transmission line > extending: from Melbourne to the Morwell brown- -coal fields. 
ae In addition to work: in the transmission and radio tower field, he was also a 


> 


A few of the outstanding « operations with which Mr. J eunings wi was connected — 


responsible for the design of towers used for supporting the in 
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Company; the ‘Pacific Gas and Electric 
Company ; Southern Power Company; the American Gas and Electric Com- 
> pany; the Nevada- California Power Company; the Ebro Pow er Company, in 
Spain; Victoria F alls, ‘South Africa; the Norwegian Government; the Nipon 
Power Company; the Sao Paulo and ‘Power Com- 
pany, i in 1 Brazil; and many others. 
“ae He was also responsible for major engineering work in connection with the 
of the South African Railways; the Great Indian Peninsular 
Electrification Scheme; the Perak River Hydro-Electric Development; and 
Central Scotland Electricity Development. Other important work 


his charge included the Gammarra Cucuta Cableways, Cable del Norte, and 
a Cable del Choco, all of which are in Colombia, South America. pf ; te 
Mr Jennings was held i in high esteem by his associates and employees. His © 


fine character and — ‘resulted in. a world- wide circle of friends. His 


associated with him i in ‘any way his was an member 
the Brooklyn Engineers’ Club until his work required extensive travel 
abroad. He was also a member of of Kane. Lodgn, and A. M., as well as the 


- ge Mr. Jennings was elected an Associate Member « of the American Society of | 


~ Civil Engineers on November 3 30, 1 1909, ), and a Member on December 3, 1913. 
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Peter Junkersfeld was born at Sadorus, mh, on October 11, 1869. He 


from the University of ili n 189 degre 4 
yo inois in 5, with the degree of 
Bachelor of Science i in Electrical Engineering. His was excellent 
and he was made a member of Tau Beta Pi, the Engineering Honor Frater- — 

Editor of The Technograph, and generally “prominent i in 4 
activities. In 1909, after presenting his thesis, he was awarded the degree 
of Electrical Engineer. From” 1911 to 1913 he served as President of the 


ee Subsequent. to his graduation Mr. Tunkersfeld w vent t to w vork § in Chicago, m., 

the Chicago Edison. Company (now the Commonwealth Edison Company) 

with which he occupied a very insignificant position. He later became 
fied with the Engineering ‘Department and was a Mechanical Engineer. 
Afterward, as Electrical Engineer, he was Assistant Vice-President in charge 


~The Commonwealth Edison Company, being a pioneer i in the devel pment 

ba of ‘the steam turbine for use in central stations, sent Mr. Junkersfeld to. 
iE ngland, in conjunction with the firm of Sargent and Lundy, to study the 
“mechanical | of steam turbine. He was identified with 
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--‘When the Officers’ Reserve Corps of the Army was organized Mr. Junkers- 


feld was one of the first to be. commissioned | as Major in the Army Engineers 


Corps and during the e emergency in 1917. when the United States entered — 
the World War, he was one of the first to be called into active : service. | He | ‘ 
was assigned to the Construction Division of the Army, an “emergency 
organization operating directly under the ‘Secretary of War for the con- 
struction of camps, cantonments, embarkation camps, and army bases and 
He was ‘promoted to the rank of Lieutenant-Colonel cand, later, 
nel. In August, 1918, he was awarded the 
al During his two years’ service in the . Army, due to his training, bisceeiieie | 
judgment, great. energy, and lovable character, Colonel Junkersfeld was 
‘9 able to perform a service in the Construction Divi ‘ision which perhaps shoul 1 
i credited as the greatest performed by a any single officer. work of this 
Div sion in providing facilities and quarters ‘for the training of the troops 
the assembling and expediting of supplies, was very great, and jolonel 
| Funkersfeld was “ealled upon to give the best that was in him in ‘these 


Tn 1919, he was as Engineering Manager for Stone and Webster 


om and was made Vice-President of the Division of Engineering and Construc- 
tion. Two years later, with Mr. W. McClellan, he | organized the | engineering 
firm of McClellan and Junkersfeld. This firm did a large engineering and 


7 


construction business, among its projects being the $35 000 000° Cohokia Powe er 


During the last two years of his life, in addition to his with 


McClellan and Junkersfeld, Colonel was Vi ice- 


1917s and First President. of the Construction, Division Association. 

American Institute of Electrical E ngineers, Tastitute, the 
Chicago Athletic 


‘Clubs of Chieago New York, New York Lawyers Club, 

was ‘author many papers. Among these is ‘included 

General Review of Current Practice Steam Generating Stations”, of 

_ which George A. Oxrok, M. Am. Soe. was Co- -author, and which was 

presented at the first World Power Conference i in London, England, in 1924. 
Ves Peter Junkersfeld, born | in the heart of the Middle West of sturdy and 


it ve 


alibtenntiat parentage, learned the princi sles of - per severance and honor on an 
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- Iilinois farm. . He — higher education at the University, at Champaign, «= 
‘TIL, and afterw ard during his entire life he was identified with its activities 
and those of its alumni organizations. his life w vas ended, the Presi- 
was taken to his final resting at St. South 


During his entire life Colonel Junkersfeld was extremely fond of engi- 
“neering. He pursued developed its technical phases, and applied it 
its general scope to the large business enterprises with which he was connected. _ 

Even : above his love for his. profession was his spirit of ‘responsibility 

as a citizen. As stated, he left his responsibilities the Common- 

wealth Edison Company to help the United States when the gr reat emergency — 
arose in 1917. Serving without consideration, he ga gave himself com- 
“pletely” to the service of his country. His character blemish. 

To know him was to be his friend—he had no enemies. 

On June 19, 1901, he was married at Champaign, IIl., ‘asain o. Boyle, 
with two | daughters, Florence Rita and Mary Tosephine, survives: him. 
Colonel Junkersfeld was elected a Member of the American Society c of 


Civil E Engineers: on June 16, 1919. 


LAURENCE FRANCIS MeCOY, M. Am, Soe. C. E.* ror 
ower ‘a Laurence Francis McCoy was born on April 29, » 1865, at Dumont, 1 [owa. 


He w was ‘the son of John and Anna (Coyle) McCoy, both of Irish extraction. . 
“His father was a Civil War veteran who engaged in farming after the war. 7 
Mr. McCoy received his education in Towa, having been graduated from 
;. Towa State College i in 1885. _ Following his graduation, he worked for three | 
years on surveys in ‘Milinois a and Towa. Becoming interested in the develop-— 


ment of the Northwest, hev went to Spokane, Wash. in 1888. Railroad location 


136 
‘position it in the Wat was with the Seattle, Lake Shore, and 


He worked | on many of the D Corbin lines, serving at various times as- 
and Chief Engineer. ‘These railroads included: The Spokane Falls 
and Northern, in 1889 to 1891; the Nelson and Fort Sienkant, a Canadian ~ 


‘continuation . of the Spokane Falls and Northern, in 1893; the Columbia | and 


Red Mountain, a line built in 1896 to facilitate the development. of ona 
Rossland mines; the Spokane Enterneticmal, in 1906 ; and the 


1891 to 1898 Mr. McCoy was employed by the San ‘Bridge 


at Sandpoint, Idaho. During the time of slackened building con- 
a struction in 1894 and 1895, he taught school i in Whitman County, , Wash- 


prepared by Beavers @. M. Am. Soc. iG, BE. 
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MEMOIR OF LINTON WADDELL STUBBS 
From 1901 to 1904, on divisions. of the 
“Line ‘Railroad. On tl the Boise, Nampa and Owyhee Branch, he was in charge 
of both engineering and construction. In 1907, he was ‘employed by the ; 
q Idaho and | Washington N orthern Railroad; his work here continued for 
two years, during which time he s served both as Locating and Chief ‘Engineer. | 
ek Mr. McCoy went to Sudbury, Ont., , Canada, in . August, 1911, as Division — 
Engineer for the Canadian Northern Railroad Company. The outstanding ~ 
feature of this work was the great number 0 of f br idges and tunnels sicensitited 
by the 1 rough and irregular nature of the co country. On the completion of the | 
work in 1914, he returned to the West | where he ‘accepted the position of Chief : 
Engineer for the Blackwell Lumber Company at d’Alene, Idaho, 
position that he held until the time of his last illness. For this clegeay, 


which w was s committed to a policy of railroad construction to get c out | its a 


pany holdings. Subsequently, his duties grew to. include the 
a letting o of all contracts a1 and the determining of amounts to be paid. In ‘con. 
sequence. his for honesty a and vas well 


interested | in affairs. irs. He seldom failed to 
ar 1¢ p q 8 or ne newspapers. 


_ He was accepted by all who knew him as a man of “unquestioned integrity , 
and the highest sense of honor. “He wa: was happy and proud of the fact t that he 
"numbered as firm friends the men ‘who worked for him, as well as those for 


He was married on November 23, 1893, ‘to Crissie Rusch, who with two. 


sons, Robert F. and P. and two daughters, Anna and Marie, surviv es 


was by the best of ideals, and his 
Se nature made him loved as well as respected by all those with — 


The sons ‘share their father’s interest in engineering, Robert being 


employed since his 3 graduation from Washington State College by the Plant — 
Department of the Telephone ‘Company, in Seattle, ‘Wash., while J oseph 


now a Tunior in Engineering cat the se same school. “ 


Mr. McCoy was elected a Member of the American Society of Civil 


born 5 1855, Thomasville, His early” was 
“obtained i in the local schools at ina La., and at the Brothers’ College, : at 
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the completion of this ¢ course, Mr. Stubbs entered the service of the 
United States Government in its” survey of the Missouri River. Later, in MG 
1888, he became Resident Engineer of the. Meridian- Shreveport Division of 
- the then Queen . and Crescent Railroad System, and continued i in ‘that position — 
until 1901. During Mr. Stubbs’ service with this System, the road-bed between 


S Delta Point, and Monroe, La. . was rai raised to toa a grade abc above the high- water mark | 


at 1902, Mr. Stubbs entered the service of the Southern Pacific Railroad — 
Company. His employment with | this Company ¢ embraced construction 
works of great ‘significance, chief among which was the important br 
across the Atchafalaya River at Morgan City, La. 
ite 1909, Mr. Stubbs resigned from the service of the Southern Pacific 


to Engineer i in charge of the construction the 


5 


oO 


in 1912. At this time he from the active practice his 


later 5 years, he ‘devoted his time to ) the supervision of his landed and other 


interests \ Ww which dev eloped and ‘grew steadily under his wise “capable 


Mr. Stubbs was an Engineer of marked ability and his service was ever 
: characterized by fidelity and devotion to his trust. He was deeply interested = 
q 


5 


in civie affairs end was the. author of of ‘many forceful. and and interesting articles - 


Mest Stubbs was a | Mason, and a member of the Church, He 


Martin Williams was born o on April 11, 1873, in Durhamville, N. 
; the son of William and Ellen L. (Sterling) Williams. . He was of Welsh | _ 
Mohawk Dutch descent. On his mother’s side he was of the fifth, genera- 
tion removed from Henrich Starin, the first udge of ‘Herkimer County, 
_ New York, and an officer in the American 1 Army at | ne ate, of Oriskany in in 
Mr. Williams’ schooling began in the district at Durhamville. . After- 


ward, he attended the Oneida, N, Ya ‘High | School, from which he was grad- 
uated in 1890. In the fall of 1891, he entered Colgate University where he 
became a member of the Phi Gamma Delta Fraternity. He was graduated | a : 


~ from Colgate i in 1895 with honors and with membership i in Phi Beta Kappa. = 


& * Memoir prepared by Roy G. Finch, M. Am. Soe. C. bu ot 
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| Belering that a full course in law would be of assistance to him in the Engi- a 


a _“neering Profession, he entered the College of Law at Syracuse University and 


graduated with the degree of Bachelor of Laws in 1897, and admitted 


ta In December, 1897, he entered the service ce of the New York a ee 
and Surveyor as Rodman and remained until April, 1898. In November, — | 


illiams became Resident Engineer for the Stanwix Engineering 


=! In April, 1900, he again entered the engineering service of the State of 
. g, successively, from the grade of Rodman, through ‘that 

of Leveler Engineer to Resident 1 Engineer in charge of main- 
tenance and constr ruction of kaon ti in various counties of the State. peri) 
In November, 1908, Mr. was elected ‘State Engineer ‘Sur 

December, 1910, During this as State Engineer ‘and 

certain: canals of the State were in process: of improvement, the project being 


commonly known as “The Barge Canal Improvement.” Under his s supervision 


"Barge Canal Commission in n that capacity, in the summer of 
June, 1911, he became Chief of the -Coleman- -du Pont Ro 
“The. , in charge of surveys, plans, and estimates for the "proposed du Pont 
Die - Boulevard in the State of Delaware. In 1912, Mr. Williams was appointed 
Chief Engineer of the Portage County “Improvement As Association, with head- 


quarters at Ravenna, Ohio. ‘This work involved the superv ision of an exten- 


November, 1914, Mr. ‘Williams ws Ww again to the office of State 
4 - Engineer ¢ and Surveyor in New York and, with three subsequent re-elections, 
we from 1, 1915, to 31, During these 


Canal: construction were solved, the settlement of the railroad- 

ing question, and the location, design, and construction of ter ‘minals. The 

Be _ entire Barge | Canal System w as opened for service on May 15,1918. 7 ee 
= From January, 1923, to the date of of his death, Mr. Williams was saiiocinted 


Roy Finch ‘and Edward H. Sargent, ‘Members, Am. Soe. E., a 


He was a Consultant for the New York State Bridge and Tunnel Commis- 


the New J ersey Interstate Bridge and Tunnel Commission on the 


onstruction of the Holland Vehicular Tunnel under the Hudson River, con- 
necting New ‘York, with Jersey City, N. J . He was also ‘Consultant 


for the Hudson River Regulating D District on the construction of the Sacandaga | 


After graduation, Mr. Willi: 
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us Reservoir; for the Water Serv vice Commission of the City of ‘Oswego, N. 3 


the of a -hydro- electric development a at Dam No. 6, Oswego 
; and for various public utility corporations. 
Williams was member ¢ of the . American Institute of ‘Consulting Engi- 


University, his Alma him in 1915 with the degree 
| of Doctor of Science, and he was a Trustee of that institution for more | than 
a twelve years prior to his death; and, in addition, for three y years, he served as _ 

President of —Colga ate University Alumni Association. In 1919, Syracuse 

| University conferred upon him the degree of Master | of Civil Engineering. : 
‘His latest. honor came only short time: before’ his death, President 

Hoover appointed him a member of ‘the Interoceanic Canal Board. 


.,. Mr. ‘Williams 1 was a staunch Republican, and his life was marked by clean 


= in that field. His personality and his conduct in office inspired | a 


- ‘He was a member of the First Presbyterian Church, Albany, of the Masonic. 
Order, in Goshen, N. Y., and of the heavens and Protective Order of Elks — 

- i 1907, he was was married to . Lucey Mary Sterling, of Watkins Glen, N. Y. 


had ‘sons, Martin Williams, dr. » who died i in 


Pont His life has been w and epitomized by one 
and friendship covered college days and extended to the time of his death, a 

Dr. A. W. Risley, Professor of History in the New York State College | for is 
eachers, Albany, who is quoted,* as follows: 


“Ag we think of Frank Williams, devoted son of Colgate, we are sure ie 


Ben qualities jut out boldly. These are common sense, silent fighting pur- 
- pose, and reliability. Of these, the last was most evident in his entire career. 
_ Diligence, more than brilliance. Reliability, not display. Apter. 


Mr. Williams was. elected a Member of the American. Society 


& ngineers on May : 28, 1912. He served as Direetor of the Society from District &§ 
a 
3 for the term, 1926- 1928, and. was also a representative from the 
E., = WALDO ) JUSTIN BICKLE PORTER, Assoc. M. Am. ‘Soe. C. 


Waldo Justin Bickle Porter was born at Crawford, Nebr., o May 9, 18 
His mother, Edith Poste. died was about four years old, after 
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> which ro lived with his grandparents, Mr. am and Mrs: James Porter, in- 
Moose Jaw, Saskatchewan, Canada. 
there, he attended Towa State College, “at Ames, Tow: 
‘= raduated as a Civil Engineer in 1916. av 
_ As soon as the United States entered the World | War, Mr. Porter went in 
e ~ training at | Fort Riley, Kansas, for a commission in the artillery, sailing for 
rance as Second Lieutenant in Battery Eightieth Field Artillery, of 
the Seventh Division, with w hich he served until the end of the war, =| 
_" On his return to the United ‘States, he entered the ‘Department of Public 
Works | of the State of Nebraska; he was employed in this office f for about 
eight years. He was District Engineer with headquarters at Ainsworth, Nebr., 
be: tn he resigned that position to accept another with the American Paving 
Corporation of Omaha as Construction Superintendent and Engineer. He 
had been i in charge of that Company’ construction work in Towa, Kansas, 
Mr. Porter was living at at Plattsmouth, Nebr. at the time of his fatal illness. 
—s elapsed before he was taken to the hospital in n Lincoln, Nebr. 
where he died from a a ruptured appendix on February 6, 1930; he was buried in 
Wyuka Cemetery on Sunday, February 9. 
a . He has left a place in the hearts of his relatives, friends, and business 
: associates that never can be filled. He was by nature somewhat quiet, 
reserved, and “conservative in manner, but extremely 
siderate in his treatment of others. _N Vaturally o of a retiring disposition, his 
and personality were known only to those with whom was asso-— 
9 ciated, but by them he was held in the highest esteem. He was a member 
of the Masonic Order, and his religious affiliations w were with the Baptist 
Eee Church. . He enjoyed his profession fully, and always took a a keen delight 
any unusual problems, no matter how difficult or tedious. 
> i May 8, 1926, Mr. Porter Was 2 married to Jean Karnes, of f Lincoln. He 
is survived by his widow, his “parents, Mr. and Mrs. Porter, and a 


brother, George, of Crawford, Nebr., and a sister, Mrs. ‘Caroline 


‘Mr. Porter was Associate Member. of the American Society 


CLARENCE MARVIN FOSTER, Affiliate, Am. Soe. C. E. 
cee Marve: Foster, the son of Maj.-Gen. Robert S. Foster and Mar- 
(Foust) F Foster, born in Indianapolis, Ind., 6, 1866. He 


i ‘From 1883 to 1887, Mr. Foster was associated with the firm of R. S. Foster 
Company, of Indianapolis, dealers in cement and building materials. In 


1887, he started in business for himself a as a a General Contractor on concrete | 


by J. award Cassidy, M. “Am, Soc. C. 
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‘Gannon, of Indianapolis, Duluth, -Minn., and Kansas City, Mo., with which 
he remained until 1895. During his services with these various organizations, 
ie Mr. Foster had qualified himself as an expert, on matters pertaining to cement F 7 

‘and work in which cement was involved. Recognizing his value as an expert — , 

int matters pertaining to this type of work, he was engaged by the Utica Cement to 

Association, Manufacturers of Hydraulic Cement, as a ‘Traveling Inspector. ; 

work caused him to travel throughout the West. inde 

In 1899, Mr. Foster left the Utica Cement Association to become Sie 
for the Meacham and Wxjght Company, of Chicago, lll. This Com- 

pany was for many years one of the largest Gif not the largest) jobbers of 

Portland cement in the United States. He continued in this ‘capacity 1 until - 

the early part of 1914, when the M eacham and Wright Company discontinued — 


posed of it to become associated with the firm of Buntin, , Shryer oul Me- 


Cement Company, at Philadelphia, Pa. oot 


In ‘April, 1915, Mr. Foster and J. ‘Edward Cassidy, M. Am. Soc. O. E. 
organized the Foster Construction ‘Company with headquarters i in Newark, 
‘bridges. Mr. as specifically charged with admin- 
istration and the purchase of materials and supplies for the ‘operations of the . “es 
Company. In the spring of 1917, when the United States entered the World : ae ; 
War, the Foster Construction Company had a well-established business, and, 


~ 
at the time war was: declared, had a number of bridges under construction. 


a Mr. . Cassidy, who o was in charge of all the technical and construction work of 
a the Company, was a ‘Captain (later, Colonel) in the Engineer Reserve / Corps 
and went on active duty the day followi ing the finishing and : acceptance of the - 
last of the bridges under construction. 
aa Although he was 51 years of age ige when war was declared, it was particularly . 
fitting that Mr. Foster should take an age part in the service of the country, 
: as his father, Maj. “Gen. Foster had had a very distinguished record in the 
Civil War s serving in various capacities: up to and including the command of 
“toh afterward that of Major-General commanding | the First 
24th Army Corps, Army of the J James ; this Division performed a 


= -mile march i in a 24 hours to ere’ the last gap sround the Army of Northern 


struction of was commissioned as a Captain, and, later, 


_ Promoted to the rank of Major. — He continued i in the capacity of Purchasing | 

and Contracting Officer, Construction Division, 1 until October, 1919, when he 

left the service to become District Manager of "the Barber Asphalt Company, 

with headquarters at Washington, D. C.; he ‘remained with that Company > 
until his death. During the period, 1919 to 1923, while his headquarters were 

Washington, Major Foster compiled a great deal of valuable data on munici-- 

“opal y work for which he received commendation not only from his own 1 Company, 
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ster was promoted to be ‘District Manager of 
Barber on the Pacific Coast with headquarters at San 
Francisco, Calif. , his territory cove ering: a large group of Western nn: taal 
His death on February 18, 1930. occurred from a stroke of apoplexy. 
had not been feeling well for days and on February 13, 1930, he came home 
early” in the afternoon and shortly afterward suffered the stroke from which © 
ve 
he: never regained consciousness. He died five days later. Funeral | services 
a Be were held at his home in San Francisco, after which all that was mortal was 
- taken ‘to his old home in Indianapolis, and énterred in Crown Hill Cemetery. 
__ He was a member of the Military Order of the Loyal Legion, Indiana 
Engineering Society, and the U. S. Army Quartermaster Association. fe 
Major Foster was a man of exemplary habits with his ‘genial, pleasa nt 
_ disposition and courteous manner, had the faculty of making. a host of friends 
wherever he went. His passing is a personal loss not only to his friends in 


many parts of the country, but to his —ecigmmaes business associates with whom 


He was married December 24, 1895, to Mary “Margaret Roberts, 

Indianapolis, who survives him, together with a daughter, Maryanna 
of Detroit, Mick, ends a son, Robert S. Foster, of San Francisco. 
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